Water Phantom Measurements for Verifying 3D Dose Calculations for a Megavoltage Photon Beam by Carey, Elizabeth M.






A. Equipment and Experimental Setup..............................................17
A.1. Measurement of Dmax versus Field Size...........................17
A.2. Measurement of Isodose Curves............................................19
B. Methods of Comparison.........................................................................24
IV.Results...................................................................................................................27
A. Open Fields.................................................................................................27
A.1. Comparison of Measured and Calculated Percent
Depth Doses at Fixed Depths.......................................................28
A.2. Comparison of Depth of Occurrence   for Measured
and Calculated Percent Depth Doses........................................29
B. Wedged Fields.........................................................................................29
B.1.a. 15° Wedge - Comparison of Measured and
Calculated Percent Depth Doses at Fixed Depths...............30
B.2.a.  15° Wedge - Comparison of Depth of Occurrence
for Measured and Calculated Percent Depth
Doses.....................................................................................................31
B.1.b. 30° Wedge - Comparison of Measured and
Calculated Percent Depth Doses at Fixed Depths...............32
B.2.b. 30° Wedge - Comparison of Depth of Occurrence
'^^P for Measured and Calculated Percent Depth Doses..........33
B.l.c. 30° Wedge and 20° obliqued - Comparison of
Measured and Calculated Percent Depth Doses
at Fixed Depths..................................................................................34
B.2.C. 30° Wedge and 20° Obliqued- Comparison of
' Depth of Occurrence   for Measured and Calculated
Percent Depth Doses........................................................................35
B.1.d. 45° Wedge - Comparison of Measured and
Calculated Percent Depth Doses at Fixed Depths...............35
B.2.d. 45° Wedge - Comparison of Depth of Occurrence
for Measured and Calculated Percent Depth Doses..........36
B.I.e. 60° Wedge - Comparison of Measured and
Calculated Percent Depth Doses at Fixed Depths..............38
B.2.e. 60° Wedge - Comparison of Depth of Occurrence
for Measured and Calculated Percent Depth Doses............39
0. Blocked Fields........................................................................................40
0.1.a. Central Inplane Comparison of Measured and
Calculated Percent Depth Doses at Fixed Depths...............40
0.2.a. Central Inplane Comparison of Occurrence for
Measured and Calculated Percent Depth Doses...................42
0.1.b. Off-axis Crossplane Comparison of Measured and
Calculated Percent Depth Doses at Fixed Depths...............43
0.2.b. Off-axis Crossplane Comparison of Occurrence
for Measured and Calculated Percent Depth Doses............44
V. Discussion and Conclusions............................................................................45
References...................................................................................................................49
Appendix!...................................................................................................................52
A. Open Field Tables....................................................................................52
A.1. Comparison of Measured and Calculated Percent
Depth Doses at Fixed Depths........................................................52
A.2. Comparison of Occurrence for Measured and
Calculated Percent Depth Doses.................................................66
B. Wedged Field Tables...............................................................................80
B.1. Comparison of Measured and Calculated Percent
Depth Doses at Fixed Depths........................................................80
B.2. Comparison of Occurrence for Measured and
CalculatedPercentDepth Doses...................................................98
C. Blocked Field Tables...........................................................................116
C.1. Comparison of Measured and Calculated Percent
Depth Doses at Fixed Depths.....................................................116






* Note: Original measured and calculated isodose curves have been
reduced. The original measured data are the transparencies, and the
original calculated data are the photocopies.
m
Abstract
A 3D differential scatter model for calculation of dose from
photon beams has been developed and implemented at UNC as part of
a 3D treatment design software system. Although 3D dose
calculation algorithms are becoming more commonly used in the
clinical setting, very little work has been done to define a
reasonable, and urgently needed, verification methodolgy. This
verification should, in general, take two forms: 1) correctness
analysis of the constituent software modules, and 2) comparison of
computations with measurements. This project has partially
addressed (2) with water phantom measurements in the absence of
inhomogeneities. In particular, concentration is placed on direct
measurement of single beam isodose curves in a variety of planes
for open, wedged, and blocked fields for a 6MV photon beam. Results
will be presented, and recommendations discussed.
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Water  Phantom  Measurements for  Verifying  3D  Dose
Calculations for a Megavoltage    Photon  Beam
I.   Introduction
Radiation therapy treatments are complex procedures which
require a considerable amount of preplanning. Treatment planning
refers to the procedures and decisions to be made prior to treating a
patient with radiation2. Two dimensional treatment planning
consists of: 1) simulation, 2) patient data acquisition and 3) dose
calculation. At simulation (1) the treatment fields are set up. A
simulator, a sophisticated diagnostic x-ray unit constructed to
simulate the geometrical, mechanical and optical properties of a
treatment machine is used to set-up the fields. During set-up the
target volume (tumor and microscopic disease) is localized, the
number of beams and their angulation are determined, and field size
and shape defined. With simulation, the exact treatment fields and
patient position are determined prior to treatment on a therapy
machine. Patient data (2) acquired includes a contour of the patient
in a central transverse plane containing the tumor, and anterior-
posterior and lateral simulation radiographs, which are used to
transfer the position of tumor and important anatomy onto the
contour. Also patient thickness and source to skin distances (SSD)
are measured in specified areas. Using all of the above information
from (1) and (2), dose calculations (3) are performed. A dose
distribution, which is a map of the dose pattern, is calculated for
the central transverse plane. Although this two dimensional
absorbed dose distribution has been used in treatment planning for
many years, it gives an incomplete picture. To make better informed
treatment decisions, more information is needed. Thus, a major goal
of investigators who are developing new radiation therapy treatment
planning methods is to determine the complete three dimensional
absorbed dose distribution in a patient.
New imaging techniques such as computed tomography and
magnetic resonance imaging have created the ability to accurately
determine the 3D relationships between the tumor and surrounding
normal tissue and organs as well as tissue absorption
characteristics. With combined computing advances in interactive
computer graphics and speed for computing dose, three dimensional
treatment planning and dose calculation have become realities.
Even though in the routine clinical setting two dimensional
treatment planning dominates, three dimensional treatment planning
and dose calculation are becoming more commonly used in the
research oriented clinical setting. In contrast to two dimensional
treatment planning, CT slices in a volume containing tumor and
surrounding tissue and organs replace the central transverse contour
of the patient and the simulation radiograghs for the transfer of
tumor and anatomy^^. a three dimensional graphical model of the
patient anatomy and target volume is constructed. The treatment
fields which include number of beams and their angulation, and field
size and shape are determined  using computer-aided design tools
instead of the simulator. Volumetric doses can then be calculated
for the target volume, critical organs, and any other volume of
interest.
New technology enabling fast calculation of a three
dimensional dose distribution has created pressure to improve dose
algorithms. Algorithms for two dimensional dose calculations have
several limitations. Some important limitations are: 1) they do not
take into account the inhomogeneities or patient shape out of the
plane of calculation, 2) for irregularly shaped fields the algorithms
lack the ability to calculate dose accurately in the shadow of a
narrow section of these fields, and 3) two dimensional algorithms
do not accurately calculate the dose from multiple beams unless all
central rays lie in the plane of calculation^. True three dimensional
algorithms, as opposed to generalizations of two dimensional
algorithms, are able to largely overcome these limitations.
A three dimensional differential scatter model for calculation
of dose from photon beams has been developed by George Sherouse as
part of the a three dimensional treatment planning software system
being investigated at the University of North Carolina. As is common
practice with any treatment device, aid, or tool that affects patient
safety or treatment outcome, dose calculation models also need
performance evaluation prior to use. Evaluation protocols have been
developed for evaluating many treatment aids and devices. The
American Association of Physicist in Medicine Task Group 23 is in
the process of completing a protocol for verifying two dimensional
dose calculation programs. However little has been done to develop a
protocol for evaluating three dimensional dose calculation programs.
Generalizing tests for verifying two dimensional dose calculation
models to include tests off the central axis plane may be an
acceptable starting point in developing such a protocol for three
dimensional dose calculation models.
The purpose of this project is to quantify the accuracy of
Sherouse's 3D differential scatter program for calculating dose from
photon beams in a homogeneous water phantom. Complete
verification would include: 1) correctness analysis of the
constituent software modules, and 2) comparing the calculated dose
distributions from the model with measured dose distributions. This
project addresses only (2) of the verification process using
measurements in a homogeneous water phantom. Direct
measurements of single beam isodose curves in a variety of planes
were performed for various open, wedged, and blocked fields.
Computed isodose curves were compared to the direct
measurements. Table I lists the test cases. These test cases were
chosen to test the model under relevant clinical conditions.
TABLE I - List of Measured Isodose Curve Scans
A. Open Fields:
Square - 5x5, 10x10, 15x15, 20x20, 25x25, 30x30, 35x35, 40X40
cnn2; Inplane; Central axis percent depth dose.
-10X10 cm2, 2.5 cm off central axis.
Rectangular - 10x4, 8x12, 15x10, 30x10 cm2; inplane; Central axis
percent depth dose.
Oblique - 15x15 cm2; gantry 340°; Crossplane; Central axis percent
depth dose.
B. Wedged Fields:
Large field wedges 15°, 30°. 45° and 60°; 15x15 cm2; Inplane;
Central axis percent depth dose.
15°, 30°, 45° and 60°; 15x15 cm2; collimator
320°; Inplane, Central axis percent depth
dose
- 30°, 15x15 cm2; gantry 340°; Crossplane;
Central axis percent depth dose
C. Blocked Fields:
Mantle Block - 35x33 cm2; Inplane; Central axis percent depth dose
- 35x33 cm2; Crossplane; 14.4 cm off central axis.
II.   Literature   Review
Since three dimensional treatment planning systems and
individually developed software for treatment planning are
increasingly being used in research oreinted clinics, it is necessary
to have some form of acceptance/performance testing to insure
quality and accuracy. However, there is no general agreement as to
what are suitable tests for determining the quality and accuracy of
these 3D systems and software. Work has been published on
correctness analysis of the constituent software modules^, but
there has not been any published work on protocols for comparison
of doses calculated to doses measured for 3D systems.
Several investigators for years have been studying ways to
accurately test 2D treatment planning systems, and intercomparing
systems. In 1977 Rosenow and Burmester^ reported on the efforts of
a working group on computers in radiation therapy within the
German Association for Medical Physics to try and establish means
and methods for quality control of radiation treatment planning
systems. The purpose of the investigation carried out was to study
the quality of radiation treatment planning methods In Germany, and
the central interest was towards a comparison of the methods used
for computation of dose distributions. Several institutions across
Germany  participated  in  the  investigation.  The treatment planning
systems involved in the study were four commercially-developed
systems, four institution-developed systems and three modified
versions of the same   treatment planning system.
For this comparison of the treatment planning systems, the
following procedure was accepted by the group. First, the user must
state the kind, range and format of radiation field data necessary
for use by the system. Second, identical beam data was provided to
all the institutions. The data were measured from a single treatment
unit.  Each institution calculated dose for the following situations:
1) Single square and rectangular fields with the beam incident
perpendicular to the surface of a plane phantom.
2) Single fields with the beam incident at 45° to (a) a plane
phantom surface, and to (b) a cylindrical phantom for study of
tangential   situations.
3) Single fields with the beam incidence at 45° to a
sinusoidal surface to study correction for irregular surfaces.
4) Four field dose distribution on a patient-shaped phantom to
study a multifield stationary  irradiation  technique.
5) 360°    rotational irradiation on a cylindrical phantom.
6) A biaxial arc technique on a patient-shaped phantom.
The calculated dose distributions from the treatment planning
systems were compared to actual measured dose distributions for
situations 1 and 2a. Measurements using the cylindrical phantom
(2b) were performed using film dosimetry and compared to
calculated dose distributions. Measurements using the patient-
shaped phantom were considered too inaccurate for comparison to
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calculations. No measurements were available for situation 3,
therefore calculations between systems were compared.
In the evaluation, questions were raised on how to describe
and quantify the differences seen between calculated and measured
dose distributions and what deviations could be tolerated. The
working group agreed on a preliminary, maximum tolerance limit of
a displacement of an isodose line by more than 5 mm or a deviation
in the relative dose of more than 5% of the maximum dose to be
critical, while deviations of 3 to 4 mm or 3% to 4% were tolerable,
and 2 mm or 2% and less were acceptable. To alleviate difficulties
in quantifying the deviations seen in the comparisons, the use of
"test-lines" was introduced. Test-lines were defined as straight
lines placed through areas of interest in the dose distribution.
Examples of test-lines are the central ray, giving relative depth
dose; lines running across the distribution, giving cross beam
distribution, or a line at 80% of half field width, describing the
penumbral area.
The report by Rosenow and Burmester was not intended to give
detailed results of the intercomparison of the systems; however, a
few examples were described. They intended to demonstrate the
usefulness of the methods described for program intercomparison
and quality control of single programs in radiation therapy
treatment planning, and the results indicated that the methods
described were well suited for the project. The intercomparison also
proved to be helpful to the participants in identifying limitations
and inaccuracies in their programs. Another important discovery was
the necessity for comparisons and quality control to be based on
isodose display instead of point dose calculations. This is due to the
fact that all programs in the intercomparison and most programs in
general use a primary dose computation in a grid inside a patient or
phantom and a following interpolation procedure for the generation
of the isodose curves. This interpolation procedure contributes to
the overall uncertainty of the generated isodose curves. In
conclusion, the report provided suitable test situations and methods
to quantify deviations seen between calculated and measured dose
distributions for the quality control of programs for radiation
therapy treatment planning.
Rosenow^s again reported on an intercomparison of
commercial treatment planning systems using standardized field
data and prescribed treatment plans. For this intercomparison, the
method described previously was used. Other areas studied were the
input and display of necessary patient and machine data. As in the
above mentioned study, accuracy was lost in the display of computed
isodose curves due to the interpolation routine for the generation of
the isodoses. This intercomparison also found the methods suitable
for confirming the accuracy of treatment planning systems.
In 1984 Rosenow, Nusslin and Wendhausenl2 reported on
establishing a beam data and treatment planning library for the
quality assurance of treatment planning machines. The library of
data was formed according to the methods developed by the working
group of The German Association of Medical Physicists. Basic beam
data was measured for a soco unit and a 16 MV linear accerator. A
set of measured and calculated dose distributions based on the same
beam   data  was   complied   and   made   available.   Comparison   of
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measurements with calculations was considered the best method of
quality assurance when the measurements were known to be
accurate. Otherwise the comparison should be made with approved
calculations from systems with known accuracy. It was concluded
that the beam data set and treatment plan library dedicated for the
purpose of quality assurance be limited to basic and restricted
examples. Otherwise the amount of data measured, space for storage
and the time necessary to perform the checks would be too large.
Another intention of the authors was to keep the data set as general
as possible so practically any treatment planning systems could use
it.
In 1987 Rosenow">0 and several other physicists reported on
the usefulness of the quality assurance methods and the collected
library of basic data developed by the previously mentioned working
group of German medical physicists. Their evaluation involved a test
run through five commercial and individually developed treatment
planning systems. As before, pecularities for specific systems were
found. For example, for systems which displayed or computed
dosimetric figures in integer numbers only, uncertainties as high as
.5% were introduced for the rounding algorithms used, and 1% for
truncating. Their study again confirmed the validity and usefulness
of the quality assurance methods and data library developed.
In 1989, Rosenow, Gaballa, Islam and Rashidii reported on
their experience of implementing a quality control protocol for their
treatment planning system. Their protocol consisted of: 1) initial
performance   testing,    2)    regular   constancy   checks    and    3)
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intermediate system checks for program revisions. Two and three
are subsets of the initial system performance tests.
Treatment planning systems can be no more accurate than the
beam data directly measured and entered into the computer. In
quality control of a planning system, a level of confidence is
obtained by checking out clinically revelant tests such as comparing
calculated with measured dose distributions. Special test situations
are added when testing an unusual system performance.
Similar to the quality assurance methods developed by the
German working group, the initial performance protocol consisted of
single beam measured distributions compared to calculated
distributions for open and wedged fields. Off-axis calculated dose
distributions are compared to measured dose points along the same
line at a specified distance off-axis. Calculated half-blocked field
dose distributions for various versions of the treatment planning
system are compared to a calculation where appropriate weighting
is used to simulate a half-blocked field. Inhomogeneity corrections
are tested by applying a correction factor representing the ratio of
tissue maximum ratio for the inhomogeneity and the water-
equivalent portion of the irradiated volume which in turns shifts the
location of the isodose line due to the inhomogeneity.
It was shown that their system reproduced open beams
accurately while there was a larger deviation between measured and
calculated wedged fields. No level of acceptability was given. The
accuracy of calculated off-axis distributions, particularly in the
penumbra, was poor beyond the depth of normalization, and therefore
off-axis   calculations   in   the   penumbra   region   were   considered
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inadequate. For the half-blocked field test, two improved versions
of their treatment system demonstrated a dose distribution near the
central axis as would be expected by the calculation where
weighting was used to simulate the half-beam block; except for
strange cut-off edges approaching the blocked penumbra region.
Again, a very important feature of a quality control protocol is the
fact that system limitations can be identified, be it a software
problem or insufficient description of the physical models or
algorithms used by the system.
A group of Dutch investigators { Westermann, Mijnheer and van
Kleffens)''^ at the Netherlands Cancer Institute tested computer
planning systems by comparing point dose calculations using local
beam data and computer facilities with measurements at local
institutions. Measured relative absorbed dose was determined in a
water phantom for various photon energies ranging for soco to 25
MV. Three clinically relevant situations were studied: 1) oblique
fields, 2) tangential beams and 3) wedged fields. In some of the
studies mentioned above, the same beam data was supplied to the
participants in the study. For this study the participants used their
local beam data so no additional data needed to be entered, however
no comparison could be made between the different computer
planning systems.
In analysis of the results the investigators chose 2% as an
indication of the accuracy of the planning system. Histograms
displayed the frequency distribution of the ratio of the calculated to
measured relative absorbed dose. For oblique fields, large
deviations were observed at greater depths for off-axis points. This
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deviation appeared to result from the algorithm used to correct for
the obliquity of the beam. In tangetial beam arrangements, where
approximately one-half of the beam irradiates the phantom and the
other half passes thru air, it was observed that the absorbed dose
calculated close to beam axis, located near the phantom edge, was
overestimated by more than 2%. The planning systems did not take
into account the lack of scattering material which would reduce the
absorbed dose. As the distance from the beam axis increased this
tangential effect on the absorbed dose decreased. For the wedged
fields, large differences were seen between the calculated and
measured absorbed dose, especially for the oblique incidence,
wedged field. One possible explanation for these differences was the
use of a mean wedge factor value applied to different treatment
machines with the same energy and introduced into the planning
system instead of a machine specific wedge factor. Again the
determination of the accuracy of the computing systems was
considered very helpful and, the authors recommended that this type
of quality assurance be performed for each radiation quality used at
an   institution.
McCullough and Krueger^, at the Mayo Clinic, developed a
performance evaluation protocol for 2D treatment planning systems.
They presented a protocol more extensive than previous ones.
Similar to the Dutch group discussed above, their protocol involved
the comparison of dose values measured in a phantom to dose values
calculated by the treatment planning systems. The beam data used by
these investigators was supplied by the vendor. Therefore, the
comparison  presented  only  illustrated  points  about the treatment
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planning system's performance. The protocol consisted of
perpendicular incidence for open and wedged fields, oblique
incidence for open and tangential fields; inhomogeneities; blocked
fields; parrallel opposed fields; and rotational and arc treatment
techniques.
These investigators established acceptance criteria of 3% for
ionization measurements and 4% for TLD measurements when
comparing computed data with measured data. They considered the
possible errors and inaccuracies in measuring equipment and the
computer system. For example, the linearity of the measurement
equipment was checked and found to be better than 1%. Through a
series of measurements of 100 monitor units (1 monitor unit is
equal to 1 cGy for a 10x10 cm2 field at the depth of maximum dose
for that specific photon energy), the uncertainty of any reading was
determined to be less than 1%. When using TLD measurements they
found a standard deviation of 1.5% at the dose levels measured.
Their report discussed a few preliminary results of the use of
the protocol for performance evaluation. Comparison of measured
ionization chamber profiles with calculated dose profiles showed
that dose values greater than or equal to 90% of the dose value on
the central axis were well within 3%. Oblique incidence beams were
studied, and measured values taken with an ionization chamber
across a 10x10 cm^ field at depths of .6 cm and 1 cm and deeper
were compared to calculated values. For points deeper than 1 cm,
agreement was well within 3%, indicating inaccurate dose
computation in the build-up region. As the angle of obliqueness of
the   beam   increased   the   agreement   between   compared   points
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decreased. For blocked fields, dose measurements at various
locations were compared to calculations at the same points.
Calculations in the shadow of a block agreed with meaurements
within 5%, and calculations not in the shadow of a block agreed
within 4%. The larger discrepancy seen in the shadow of the block
resulted from the treatment systems not allowing for partial
transmission through a block. Results for a parrallel opposed,
tangential field were similar to the findings of the Dutch group
which found that dose points at greater distances from the phantom
edge were less affected by the lack of scattering material than dose
points near the phantom edge. For this study the measurements were
considerably less than the calculations.
The American Association of Physicists in Medicine formed a
task group (Task Group 23)3 to prepare a protocol for the
verification of 2D treatment planning systems. Their protocol
consists of three sections: 1) standard beam data to be entered into
the treatment planning system; 2) test case work sheets for
comparing calculated with measured point doses, and 3)
supplementary information such as measured dose profiles and depth
dose curves for test cases. The test case work sheets contain
measured dose points for the various conditions:
1. Square and rectangular fields with beam incidence
perpendicular to the phantom surface.
2. Source-to-Surface Distance (SSD) variation where the
standard
SSD for the particular machine is changed.
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3. Wedged fields with the beam incidence perpendicular to the
phantom surface.
4. A lead block placed in the central axis and centered within a
given field size.
5. Dose measurements taken in a plane 4 cm away but parrallel
with the central axis plane and beam incidence perpendicular
to the phantom surface.
6. Blocked field with the measurement plane orthogonal to one
of the blocked sides of the field and through the central axis.
7. Inhomogeneities suspended in a water phantom and dose
measurements taken on the central axis at various depths and
at specified distances off-axis but in the central plane.
8. Oblique incidence beams with the beam entry in the phantom
at a 45° angle.
Work is still being completed on this protocol.
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III.   Materials   and   Methods
A.  Equipment  and   Experimental  Set-up
To perform the comparison analysis of the computed and
measured isodose curves both sets of the curves were calculated and
measured using various pieces of equipment including a graphics
computer, and a computer-controlled detector with accompanying
electronics, water phantom, and an accelerator.
A.1   Measurement of Dmax versus Field Size
The computer used to perform the 3D dose calculations was a
Stellar Graphics GS 1000 Super Computer with 32 megabytes of RAM
and running under the UNIX operating system. The beam data needed
for dose calculations consists of relative dose profiles at several
depths for a variety of fields sizes covering the range from smallest
to largest field size, tissue-phantom ratios (TPRs), and geometric
and physical descriptions of beam modifiers placed in the beam. The
TPR is the ratio of the dose at a given depth in a phantom to the dose
at a reference depth, with the distance from the source to the point
of measurement kept constant. The TPR is used in dose calculations
partly because  it is  independent of the  source-to-surface distance
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(SSD); therefore a single table of TPRs for various field sizes can be
used for all SSDs^.
To insure that the TPR table was determined from a self-
consistant set of data, Dmax was carefully determined for square
field sizes ranging from 6x6 cm2 to 40x40 cm2- Each edge was
increased by 2 cm up to 20x20 cm^, and then by 5 cm up to 40 x 40
cm2. A 30x30x30 cm^ polystyrene phantom, Memorial Sloan-
Kettering parallel plate chamber and Keithley electrometer were
used for the measurements. The parallel plate chamber was used
because the exact point of measurement is well defined. By adding 1
mm layers of polystyrene on top of the chamber window the
variation in dose as a function of depth at shallow depths is
observed and dmax determined.
The parallel plate chamber was placed on top of the
polystyrene phantom and the chamber centered in the middle of
radiation field. A source-to-chamber distance of 100 cm was set,
and with a .4 cm window thickness the initial source-to-point of
measurement was 100.4 cm. To keep a constant source-to-chamber
distance, the .1 cm polystyrene sheets were placed on top of the
chamber This technique eliminated the error associated with
resetting the SSD. For each thickness of polystyrene starting at .4
cm and ending at 1.8 cm, three output readings were collected and
the average output reading calculated for each field size. Since
water is the reference medium for measuring data needed for dose
calculations, all polystyrene thickness including the .4 cm chamber
window were converted to depth in water using a conversion factor
of   I.OIi.  All the  readings were corrected  back to  the  point of
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measurement in the parallel plate chamber using an inverse square
factor ( 100.4/(100 + depth in water))2.
The corrected readings for each field size were normalized to
the maximum reading, obtaining a relative dose for each depth in
water, with 100% occurring at Dm ax- The data for each field size
was fit to a curve using a regression program that employed the
least squares method. A fourth order polynomial best described the
data. The Dm ax value for each field size was calculated using the
bisection method for finding the root of a polynomial equation. Dmax
ranged from 1.56 cm for a 6x6 cm2 field to 1.41 cm for a 40x40 cm2
field. Based on these results a reference depth of 1.5 cm was chosen
for the calculation of the TPRs.
A.2 Measurement of Isodose Curves
Single beam isodose curves were measured for a 6MV photon
beam from a Siemens MD Mevatron accelerator. This energy was
chosen because of the challenge in modeling the "horns" that appear
In isodose curves near the phantom or patient surface. "Horns" are
due to the flattening filter which causes an increase in x-ray
intensity away from the central axis. Isodose curves for unmodified
megavoltage x-ray beams are strongly peaked in the direction of the
x-ray beam along the central axis. The function of the flattening
filter is to modulate the x-ray intensity so that the isodose curves
are essentially flat in shape at depth corresponding to the "typical"
treatment depth for that energy. Since flatness cannot be
accomplished at all depths, the flattening filter is designed to
overcompensate near the surface, creating the horns^.
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Measurements for the single beam isodose curves were taken
in a Wellhofer 50x50x50 cm3 lucite water phantom (Figure 1). For
measurements of isodose curves, ionization chambers are preferred
due to their relatively flat energy response and precision. The
sensitive volume of these chambers need to be .150 cm3 or less so
measurements can be made in regions of high dose gradient such as
near the beam's edge^. Two Wellhofer ionization chambers were used
for the measurements. One of the ionization chambers was the
scanning chamber which was submerged in the water and measured
the dose. The other was the reference chamber which was placed
above the water tank in a corner of the irradiated field. Any
fluctuation in beam output is seen by both chambers and is removed
by taking a ratio of both signals. Both these chambers have nominal
active volumes of .147 cm3, wall thickness of .04 cm and are made
of Shonka tissue equivalent plastic. They are waterproof, thimble
chambers suitable for photons in the radiotherapy range^. The
linearity of the chambers was tested and both chambers had a linear
response.
In Figure 2 the placement of the scanning and reference
chambers and the x, y and z axis frame units are shown. The
measurement chamber moves across the x axis unit, while the x axis
unit moves up and down the z axis unit, and the z axis unit moves
across the y axis unit. DC stepping motors connected to each axis
unit provided driving motion through a gear and belt system to the
scanning chamber. Scans in any plane were possible. Three ten turn
potentiometers connected to each axis unit provided the coordinate


















Figure 2 - Water phantom with measurement and
reference chambers.
All the motor drives and potentiometers were connected to a
control panel attached to the side of the phantom. Through this
control panel the motor drives and potentiometers were connected
to the Wellhofer wp 408 electronic drive control unit where the
position of the scanning chamber on each axis is controlled and
digitally  displayed   in   millimeters.
Accuracy and reproducibility of chamber movement was
checked by repeated positioning of the scanning chamber in the
empty phantom. The chamber was moved 5, 10 and 15 cm on the x
and y axes according to readings on the drive control unit, then the
actual distance was  measured.  For these two  axes the chamber
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moved to within ±.0.05 cm of the specified distance. On the z axis
the chamber was moved to nominal depths of 5, 10, 15, 20 and 25 cm
to cover the range of depths to be scanned. Measurements showed
that the chamber moved to within ± .15 cm of the specified position
over the whole range. It was observed that at greater depths the
disagreement between readout and measurement increased. The 1.5
mm difference was observed at 25 cm depth. This increasing
difference indicated that the chamber motion along the z axis was
slightly out of calibration. The percent error was constant (<1%) at
each depth. To estimate the resulting error in the measured percent
depth doses, the slope from a central axis percent depth dose scan
was calculated for the region of greatest dose gradient beyond the
build-up region. The greatest slope occurred between 2 cm and 8 cm
and was determined to be 4%/cm. By multiplying .15 cm by the
calculated slope, the maximum error in percent depth dose over the
range from Dm ax to 25 cm was estimated to be .6%. This is the
largest possible error since the slope was calculated in the greatest
dose gradient region and .15 cm was the maximum deviation between
the depth displayed at the control console and the measured depth.
Therefore the error in the isodose curve measurements due to
miscalibration of the z-axis drive is less than .6%.
Signals from the two ionization chambers are input to a
Wellhofer WP 5006 twin channel electrometer. The output signals
from the WP 5006 are input to a Wellhofer WP 5005 analog divider.
The output of the divider is the ratio of the signal from the scanning
chamber to the signal from the reference chmber. At this point any
variations  in  detector signal  due to fluctuation  in  beam  output is
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eliminated since both chambers experience the same variation. The
signal from the WP 5005 is input to a Wellhofer 5002 Isodose-
Contour-Module which traces isodose curves directly using feedback
curcuitry to guide the movement of the measurement chamber along
the preselected isosignal contours. Isodose curves to be scanned are
set by thumb switches on the WP 5002 and stored in memory for
automatic scanning. The plane in which a scan will occur is selected
using rotator switches to select the axes defining the desired plane.
The position output signals of the WP 408 drive controls for the
axes defining the scan plane are fed to a Hewlett-Packard 7004B X-Y
recorder for isodose curve plotting,
isocentric set-up was used for all isodose curve
measurements. This technique places the point of normalization, i.e.,
the point where the relative dose is defined to be 100%, at the
isocenter. The isocenter is the point of intersection of the
collimator axis (vertical) and the gantry rotation axis (horizontal)^.
The isocenter for the accelerator studied was at a nomimal distance
of 100 cm from the x-ray target. Inplane scans were in planes
parallel to the plane defined by the gantry rotation axis and the
collimator rotation axis. This plane contains the accelerator
waveguide. Crossplane scans were taken in planes defined by the
collimator rotation axis and the axis perpendicular to the gantry
rotation  axis.
For all scans, the center of the measurement chamber was
first positioned on the central axis at the water surface. Using the z
axis potentiometer of the drive control unit, the chamber was driven
to the depth of isocenter. A 5 cm depth was chosen for normalization
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to avoid the uncertainties associated with dose measurement around
the build-up region. With the chamber at 5 cm depth, the
corresponding SSD was 95 cm. At this point in the phantom, the
relative dose was set to be 100%. For scans in planes that did not
include the central axis, the normalization was performed as
described on the central axis, then the measurement chamber was
moved to the plane of the scan.
Inplane scans were performed for all the open and wedged
fields. Crossplane scans were performed for the obliquely incident
fields. For blocked fields one central axis inplane scan and one off
central axis crossplane scan was measured.
The reproducibility of the equipment set-up and accelerator
performance was checked for each data run by measuring the central
axis percent depth dose for a 10x10 cm2 field. These curves were
compared to the curves measured during acceptance testing of the 6
MV photon beam. All compared, central axis curves agreed well. The
percent depth dose at 10 cm was within ±.-2% of the 67.5% value
determined at acceptance.
B. Methods of Comparison
Measured isodose curves were superimposed on the computer
generated isodose curves, and the two sets of curves were aligned
so that the central axes overlapped and the 100% isodose points
coincided. Ray lines projected from the x-ray target were drawn on
the measured isodose curves along the central axis and off axis at
30%, 40%, 50%, 60%, 70% and 80% of half the field width (Figure 3).
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These ray lines were defined as such because they represent the
target area where the tumor would be located, and where it is most
critical for the 3D dose calculation to be accurate. The depths that
each isodose line intersected each ray line was determined and
entered into a computer for subsequent analysis using a statistical
software package called Statview 512+.
The analysis of the data consisted of plotting percent depth
dose (PDD) versus depth along each ray line for both computed and
measured isodose curves. A polynomial regression was performed on
every plot and a quadratic equation decribing the fit was obtained.
The best fit was found to be a second degree polynomial. These
equations were used to calculate the PDD along the seven ray lines
at fixed depths of 5, 10, 15, 20 and 25 cm. This method was
considered superior to "manual" analysis which would involve human
judgemant and interpolation. If a depth point was out of the range of
measurement, which defined the range over which the curve fitting
was performed, then the point was not considered. The percent
differences in the calculated PDDs at these fixed depths and seven
rays were determined. The results of the analysis are displayed in
Tables 2 - 16 for open fields, Tables 30 - 38 for wedged fields, and
Tables 48 and 49 for blocked fields..
Next the depths at which specific PDDs ranging 100% to 30%
were calculated using the quadratic formula. The percent
differences between the depths for the computed and measured
isodose curves were calculated. The results of the analysis are
displayed  in Tables  16-29 for open fields.  Tables 39 - 47 for
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47 for wedged fields, and Tables 50 and 51 for blocked fields. All
the tables are presented in Appendix I.
Agreement of the penumbra (beam's edge) for computed and
measured isodose curves is represented by showing the actual
isodose curves for the various fields (Appendix II). The penumbra
model used to calculate dose at the beam's edge is known to be
inadequate, therefore no further analysis was done.
For Tables 34 and 43, a 30° wedged and 20° obliqued field, in
which the 30%, 40%, 50%, 60%, 70% and 80% ray lines on the right
side of the central axis have some data points in the off-axis region
and some points in the penumbra. The second order polynomial
equation best describes the fit of the data points of the central axis
and off-axis, but does not accurately describe the data points which
are in the penumbra. To present this data the actual PDD and depths
for both computed and measured were taken directly from the
isodose curves.
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IV.   Results
The results of this project are presented in the following
sections. Calculated isodose values which fall within and outside
the acceptable level of accuracy are discussed and trends and
observations in the data are noted. First the open fields are
discussed in two sections: 1.a.) comparison of measured and
computed percent depth doses (PDDs) at fixed depths, and l.b)
comparison of the depth of occurrence for specific values of
measured and computed PDDs. Next the wedged fields are
discussed in a similar manner to the open fields. Each wedge is
discussed separately. Finally the mantle-block results are
discussed in the same manner as the open fields.
A. Open  Fields
Percent depth doses were compared along ray lines
emanating from the source of radiation. The ray lines were
divided into two regions: 1) the central axis, and 2) 30%, 40%,
50%, 60%, 70% and 80% off the central axis, expressed as a
percent of half the field width. Agreement within ±.3% between
measured and calculated values was considered acceptable. Tables
2 through 15 contain the comparisons of open-field measured and
computed PDDs at fixed depths of 5, 10, 15, 20 and 25 cm. Tables
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16 through 29 contain comparisons of the depth of occurrence for
measured and computed PDDs ranging from 30% to 100%.
A.1. Percent Depth Dose at Fixed Depths
Comparison of calculated open-field PDD values with
measured values shows acceptable agreement for 97.5% of the
sampled data points. Along the central axis all compared values
are within ±.3%. A general trend appears to be that as depth
increases, the percent difference between calculated and
measured values increases. This observation should be interpreted
relative to the point of normalization. That is, agreement is best
near the point of normalization.
At distances 30% - 80% off axis, the calculated and
measured values for 97% of the sampled points are within ±.3%.
Similar to results on the central axis, as depth increases the
percent difference increases for smaller field sizes (Tables 2, 3,
10 and 11). For Tables 2 and 11 as the lateral distance from the
central axis increases the percent difference also increases.
However as field size and lateral distance from the central axis
increases, the percent difference decreases as a function of depth
(Tables 4, 5, 7, 8, and 9).
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A.2.  Depth  of Occurrence of Selectd  Percent Depth Values
Tables 16-29 compare the depth of occurrence of selected
isodose values. The depths of occurrence for the selected isodose
values agree for 88.5% of the sampled points. Comparison is
stated as the absolute and percent difference between measured
and computed depths. Along the central axis all of the compared
values are within ±3%, and all the absolute differences are less
than ±J mm. As the depth increases, the absolute difference
increases. However the percent difference does not necessarily
increase, as seen in tables 16 and 29.
In the 30% - 80% off-axis region, 87% of the compared
values are within ±.3%. As observed in the tables there is an
Increase in absolute and percent difference as field size
increases. This trend occurs for higher PDDs and as lateral
distance from the central axis increases (Tables 19, 22, 23 and
27). The greatest absolute difference between compared depths is
observed for an 8x12 cm2 Table 25 at 80% off-axis.
B. Wedged Fields
Tables 30 - 38 compare measured and calculated PDD at
fixed depths for 15x15 cm2 wedged fields, and Tables 39 - 47
compare the depth of occurrence for selected PDD values. There is
a 40° collimator rotation for diagonal scanning of the wedged
fields in Tables 31, 33, 36, 38, 40, 42, 45 and 47. The comparison
analysis is the same as with the open fields except that data for
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the wedged fields have been further classified according to
whether or not ray lines are under the thick portion or the thin
portion of the wedge.
B.I.a.  15° Wedges - Percent Depth Doses at Fixed Depths
Comparison of the measured and calculated PDD values for
the 15° wedge (Tables 30 and 31) show that the calculation and
the measurement agree within ± 3% for 93% of the sampled points.
Along the central axis 90% of the compared values are within ±
3%. In general, as depth increases the percent difference between
measured and computed values increases.
In the 30% - 80% off-axis region, overall 86% of the
compared values are within ± 3%. Under the thick portion of the
wedge, 88% of the sampled points agree, and under the thin
portion of the wedge 83% agree within ± 3%. Under both the thick
and thin portions of the wedge and along the 30%, 40%, 50% and
60% off-axis ray lines, the general trend is an increase in percent
difference with depth. As seen from Table 30 for a 15 x 15 cm2
field along the 70% and 80% off-axis ray lines, the percent
difference decreases with depth down to 15 cm and then
increases beyond 15 cm. For a 40° collimator rotation (Table 31),
along the 70% off-axis ray under thick portion of the wedge, and
along the 80% off-axis rays under both the thick and thin portion
of the wedge, a decrease in percent difference with increasing
depth is observerd. However along the 70% off-axis ray under the
thin portion there is an increase in percent difference with depth.
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B.2.a.  15°  Wedge- Depth of Occurrence of Selected
Percent Depth Dose Values
Comparison of the depth of occurrence (Tables 39 and 40) of
selected depth dose values shows that 78% of the sampled points
are within ±. 3%. Along the central axis 94% are within ±. 3%. As
seen in Table 39, the percent difference increases with increasing
PDD. Table 40 shows that the percent differences remain
relatively constant with PDD. For both fields however the
absolute difference increases with PDD and the absolute
difference does not exceed 1 cm.
In the 30% - 80% off-axis region, 77% of the sampled points
agree within ±. 3%. For both field sizes under the thick portion of
the wedge, 74% of the sampled points are within ± 3%, and under
the thin portion 80% are within ±. 3%. Along the 30% - 50% off-
axis ray lines of Table 39 and under both portions of the wedge,
there is an increase in absolute and percent differences with
decreasing PDD. As seen along the 80% off-axis ray of the same
table and under both portions of the wedge, a decrease in absolute
and percent differences is observed until the 50% depth dose, then
the differences increase. In Table 40 under both portions of the
wedge and along the 30% - 50% off-axis ray lines an increase in
the absolute difference with decreasing PDD is seen, however the
percent difference does not increase. An absolute difference of no
greater than 1 cm is seen in both tables.
32
B.1.b. 30° Wedges - Percent Depth Doses at Fixed Depths
Comparison of measured and computed PDD values for the
30° wedge (Tables 32 and 33) show that the calculations and
measurements agree within ±. 3% for 76% of the sampled points.
Along the central axis 90% of the compared values are within ±
3%. In general, as the depth increases the percent difference
increases.
In the 30% - 80% off-axis region for both fields, 75% of the
compared values are within ±. 3%. Under the thick portion of the
wedge 69% of the sampled points agree, and under the thin portion
80% of the compared values agree within ± 3%. In Table 32 the
percent difference between compared values under the thick
portion increases with depth. Under the thin portion and along 40%
thru 70% off-axis rays, there is a decrease in the percent
difference down to 15 cm, then the percent difference increases.
Along the 30% - 60% off-axis rays under the thick portion of the
wedge in Table 33, the percent difference decreases down to 15
cm then increases. For the thin portion of the wedge the percent
difference increases with depth along the 30% - 70% off-axis ray
lines.
B.2.b.  30° Wedge - Depth of Occurrence of Selected
Percent Depth Dose Values
Comparison of the depth of occurrence (Table 41 and 42) of
selected depth dose values shows that 66% of the sampled points
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are within ±. 3%. Along the central axis 94% of the compared
values are within ±. 3%. In Table 39 the absolute and percent
difference increases with depth, and in Table 42 (40" collimator
rotation) there is a decrease in absolute and percent difference
with depth.
In the 30% - 80% off-axis region, 64% of the sampled points
agree within ± 3%. Fifty percent and 79% under the thick and thin
portion of the wedge, respectively, for the compared values agree.
There is an increase in absolute and percent difference with
decreasing FDD along the 30% - 60% off-axis ray lines under the
thick portion of the wedge in Table 41. Note that for the position
of occurence of the 100% FDD on the 60% ray line, the absolute
difference is less than 1 mm, but the percent difference is close
to 3%. Under the thin portion of the wedge for Table 41, there is
an increase in absolute and percent differences with decreasing
FDD along the 30% and 40% off-axis ray lines. Along the 50% and
60% off-axis rays the measured depths become increasing greater
than the calculated depth. This change is reflected in the absolute
and percent differences. Decrease of absolute and percent
difference with decreasing FDD is seen along the 70% and 80%
off-axis   rays.
Table 42 shows that under the thick portion of the wedge
the measured depth is initially less than the calculated depth,
then becomes increasingly greater than the calculated depth. Note
the FDD where the change occurrs is lower for each subsequent
ray line. Under the thin portion of the wedge, the absolute and
percent differences increase with decreasing FDD along the 30% -
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60% off-axis ray lines. As seen along the 70% and 80% off-axis
rays the absolute and percent differences decrease then increase
due to the measured depths becoming greater than the calculated
depths.
B.1.C.  30° Wedges and 20°    Obliqued Beam - Percent Depth
Doses at Fixed Depths
Measured and calculated PDDs were compared in Table 34
for a 30° wedged and a 20° obliqued beam field. Along the central
axis only 40% of the sampled points were within ±.3% of each
other. Higher PDDs for measured points than for calculated points
at each depth compared.
In the off-axis region 68% of the compared points agreed
within ±.3%. At shallow depths under the thick portion of the
wedge the measured PDDs were greater than the calculated PDDs,
and as depth increased the calculated became greater the
measured PDD. Under the thin portion of the wedge and for ray
lines 30%, 40% and 50% at a depth of 5 cm the calculated PDD was
greater than the measured. As depth increased the percent
difference between compared points also increased.
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B.2.C.   30° Wedge and 20°    Obliqued Field - Depth of
Occurrence of Selected  Percent Depth  Dose Values
Measured and calculated PDD values were compared in Table
43 and the overall agreement within ±.3% was 52%. Along the
central axis the absolute and percent differences increased with
decreasing PDD. Only two out of eight sampled points were within
±3%.
Under the thick portion of the wedge in the off-axis, as the
PDD decreased the absolute and percent differences improved for
ray lines 30 - 50%. Better agreement was seen at the 60% and 70%
ray lines, however more compared points fell into the penumbra
and therefore were disregarded. For the 80% ray line poor
agreement within ±3% was seen. Several compared points fell in
the penumbra and could not be considered. For the ray lines which
fell under the thin portion of the wedge, the absolute and percent
differences generally worsened with decreasing PDD. The overall
agreement within ±3% for the off-axis region was 54%.
B.1.d. 45° Wedges - Percent Depth Doses at Fixed Depths
Comparison of measured and calculated PDD values for
the 45" wedge (Table 35 and 36) show that the calculations and
measurements agree within ±. 3% for 60% of the sampled points.
Along the central axis, 60% of the compared values are within ±
3%. As the depth increases the percent difference between
measured and calculated values increase.
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At distances 30% - 80% off-axis, 80% of the compared
values are within ± 3%. Under the thick portion of the wedge 48%
of the sampled points, and under the thin portion 73% agree within
±.3%. For the 45° wedged field with 0° collimator rotation and
under the thick portion of the wedge, the measured PDD values are
greater than calculated values. The percent difference increases
with depth. Under the thin portion of the wedge, the measured PDD
becomes greater than the calculated value at a specific depth for
each ray. The percent difference improves then worsens as the
depth increases. With a 40" collimator rotation (Table 36) and
under the thick portion of the wedge, a similar pattern is
observed as under the thin portion of the wedge in Table 35. Note
that there is an increase in the measured values which are
smaller than calculated as the off axis distance increases. Under
the thin portion and along 30% - 50% rays the percent difference
increases with depth. For the 60% - 80% rays the measured PDD
values initially are less than the calculated values, then exceeds
them, creating a fluctuation in the percent difference.
B.2.d. 45° Wedges - Depth of Occurrence of Selected
Percent Depth Dose Values
Comparison of the depth of occurrence (Tables 44 and 45) of
the selected depth dose values show that 46% of the sampled
points are within ±, 3%. Along the central axis 44% of the
compared  values  agree.   In  general  the  absolute  and  percent
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differences increase with lower PDDs. The greatest absolute
difference is 2 cm at the 30% depth dose in Table 45.
In the 30% - 80% off-axis region 46% of the sampled points
agree within ±. 3%. Under the thin portion of the wedge for Table
44 the measured depth approaches the calculated value then
exceeds it. The absolute and percent differences improve then
worsen as the measured depth becomes greater than the
calculated value. Under the thick portion of the wedge all the
measured depths are greater than the calculated values. Notice at
the 70% off-axis ray and the 80% depth dose, the absolute
difference is the smallest but the percent difference is the
greatest. No absolute difference is greater than 2 cm.
In Table 45 under the thin portion of the wedge, it is seen
that the measured depths at the greater lateral distances off the
central ray are less than the calculated values then gradually
proceed to become greater than calculated values. Because of this
trend the percent difference improves until a specific depth dose
then worsens. Under the thick portion of the wedge in Table 45 the
same trend is observed. An overall 22% and 69% of the compared
values under the thick and thin of the wedge, respectively, are
within ± 3%.
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B.1.e. 60° Wedges - Percent Depth Doses at Fixed Depths
Comparison of measured and calculated PDD values for the
60° wedged field (Table 37 and 38) show that the calculated and
measured depths agree within ±. 3% for 50% of the sampled points.
Along the central axis, 80% of the compared values are within ±_
3%. The general trend is increasing percent difference with
increasing depth.
At distances 30% - 80% off-axis, 46% of the compared
values agree. Under the thick portion of the wedge, 29% of the
sampled points are within ±. 3%, and under the thin portion 66%
agree. The same trends are seen for the 60° wedged field as in the
45° wedged field with 0 degree collimator rotation (Table 35). As
seen In Table 37 for the thick portion of the wedge, the percent
difference increases with increasing depth, and under the thin
portion the percent difference improves then worsens as the
depth increases.
For the 60° wedged field with a 40° collimator rotation
(Table 38) the percent difference increases with increasing depth
under the thin portion. The percent difference fluctuates as the
measured percent depth dose becomes greater than the calculated
under the thick portion of the wedge.
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B.2.3.  60° Wedges - Depth of Occurrence of Selected
Percent Depth Dose Values
The depth of occurrence of selected depth dose values for
calculated and measured ( Tables 46 and 47) show that 38% of the
compared values are within i.3%. Along the central axis only 25%
of the compared values were within ±3%. In Table 46 none of the
measured and calculated values are within ±3%. The general trend
is an increase in absolute and percent differences with decreasing
PDD. The greatest absolute difference is 2.1 cm at the 30% depth
dose in Table 46.
At distances 30% - 80% off axis, 40% of the sampled points
agreed within i3%. Poor agreement (18%) of sampled points is
observed under the thick portion of the wedge for both tables.
Under the thin potion of the wedge 56% and 60% of the compared
values agreed within ±.3% for Table 46 and 47, respectively. In the
0° collimator rotation field (Table 46), the measured depth values
initially are less than the calculated values. As the PDD
decreases, the measured depth becomes greater than the
calculated value thereby creating the fluctuation in the absolute
and percent differences. As the distance off axis increases more
measured depths are less than the calculated values. Under the
thin portion of the wedge for Table 47 a similar trend is seen as
the distance off axis increases.
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C.  Blocked  Fields
Tables 48 and 49 compare measured and computed PDD at
fixed depths for 35 x 33 cm^ mantle block field and Tables 50 and
51 compare the the depth of occurrence for selected PDD values.
One inplane scan was measured on the central ray (Tables 48 and
50) and one crossplane scan was measured 14.4 cm off the x-axis
and 1.7 cm off the y-axis of the central ray (Tables 49 and 51).
Figure 4 is an illustration of the mantle block. The comparison
analysis is the same as with open fields except that the data for
the mantle block field has been further divided according to the
right and left of the central axis of the assymmetric field.
C.1.a.  Inplane Mantle Block Field - Percent  Depth  Dose at
Fixed Depths
Comparison of the computed inplane mantle block field PDD
values with the measured values shows acceptable agreement for
90% of the sampled data points. Along the central axis all of the
compared values are within ±. 3%. In general the percent
difference remains constant as the depth increases.
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Figure 4 - Crossplane, off-aKis, mantle field measurement
point (k).
At distances 30% - 80% off-axis the calculated and
measured values for 89% of the sampled points in Table 48 are
within ±. 3%. On the left of the central ray the measured PDD
generally is lower than the calculation for the specific depth and
the percent differences are relatively constant.  For the ray line
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30% off the central axis to the left and at 25 cm depth the
measured PDD is greater than the calculation. As the depth
decreases the measured PDD becomes increasingly less than the
calculation with the largest percent difference occurring at 5 cm.
On the right side of the central axis the measured PDD initially is
greater than the calculation for the ray lines closest to the
central axis. As the ray line distance increases laterally from the
central axis the measured PDDs are less than the calculations. The
percent differences show this fluctuation then they stablize and
remain relatively constant for the ray line 80% off the central
axis.
C.2.a.  Inplane Mantle  Block Field -  Depth  of Occurrence  of
Selected  Percent Depth  Dose Values
In Table 50 there was an overall 78% agreement for all
compared values. Along the central axis 75% of sampled points
were within ±3%. The general trend was an increase in absolute
difference with a decrease in percent difference as the PDD
decreased.
At distances 30% - 80% off axis, 78% of the compared
values agreed. On the left of the central axis the measured depths
were within ±3 mm of the computed depths at the 30% ray line,
but as the distance from the central axis increased the absolute
and percent differences increased. For the right side of the
central axis the measured depths Initially were greater than the
computed depths.  As the lateral distance from the central axis
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increased the measured depths became less than the computed. All
the compared values were in dL3% agreement. Because of the
asymmetry of the field only the 30% - 70% ray lines could be
traced and analyzed.
C.1.b. Crossplane Mantle Block Field - Percent  Depth  Dose
at Fixed Depths
Comparison of the computed mantle block field PDD values
with the measured values showed agreement within ±3% for 69%
of the sampled points. All compared points had acceptable
agreement along the central axis of the scan. There was an
increase in percent difference between compared points with
depth. At distances 30% - 80% off the central axis of the field
67% of the computed and measured values were within ±3%. On the
left side of the central axis of the scan, measured PDDs are at
shallower depths than the computed PDDs. At the 70% ray line to
the left the measured PDD is considerably less at 5 cm, but
approaches the computed PDD as the depth increases. Also note at
the 80% ray line to the left the measured PDD initially is much
less than the computed but becomes larger than the computed at
15 cm.
For the 30% - 80% ray lines on the right side of the central
axis of the scan 100% of the compared values agreed within ±.3%.
The trend is the measured PDDs are at shallower depths than the
computed PDDs, and the percent difference between compared
values increases with depth.
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C.2.b. Crossplane Mantle Block Field - Depth of
Occurrence of Selected  Percent Depth Dose Values
There was an overall 53% agreement within ±3% for all the
compared values of Table 51. Along the central axis all the
sampled points were within ±. 3%. The absolute differences
remained fairly constant with the percent difference decreasing
with lower PDDs.
In the off-axis region 49% of the compared calculated and
measured depths were within i. 3%. On the right side of the
central axis of the scan agreement within ±. 3% was seen for ray
lines 30% through 70%. At the 80% ray line the absolute
difference between compared depths increased but remained
fairly constant as PDD decreased. On the left side of the central
axis of the scan poor agreement was observed between the 30% -
80% ray lines. As the PDD decreased the percent difference
increased.
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V.  Discussion  and  Recommendations
This project has quantified the accuracy of the UNC 3D
differential scatter program for calculating relative dose over a
selected region of the radiation field that excludes the penumbra
region. The results have identified general regions where agreement
is considered to be acceptable (±.3%) and general regions where
further work is necessary to obtain ±3% agreement.
A. Open Fields
It was demonstrated that for open fields there Is acceptable
agreement to within ±.3% for 97% of the sampled points when
comparing calculated and measured PDDs at fixed depths. Acceptable
agreement was also observed for 88% of the sampled points when
comparing the depth of occurrence of selected isodose values. In
some cases, part of the disagreement seen between the calculated
and measured data for both comparisons can be attributed to the
curve fit of the data points used in the analysis. It was discovered
in this research that the penumbra model, which is known to be
inadequate, also greatly influenced the disagreement between
calculated and measured data in the off-axis region of the open
fields especially along ray lines near the beam's edge. Particularly
for larger field sizes (i.e. Tables 21  and 22) at shallow depths and
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along ray lines farthest from the central axis, the trend showed the
absolute and percent differences to be the greatest in this region.
Work is in progress to refine the penumbra model.
Unoptimized off-axis factors also contributed to the
disagreements discussed above, particularly for large fields. At
these large field sizes the primary collimators in the head of the
accelerator clip the edges of field sizes greater than 32x32 cm^ . In
general, the off-axis factors increase as distance from the central
axis increases, but then decrease as the field edge is approached.
Experimentally measured off-axis factors are used as starting
points, but are considered to be adjustable paramenters used for
"fine-tuning" the calculations. New off-axis factors have been put
into the program to increase the agreement between calculated and
measured isodose curves.
B. Wedged Fields
In the analysis of the wedged fields it was observed that there
is greater disagreement for wedged fields than for open fields of the
same size. The disagreement worsens as the angle of the wedge
increases. This discrepancy is probably due in part to beam
hardening resulting from selective attenuation of the lower energy
x-rays by the wedge. The dose calculation program does correct for
beam hardening by the water phantom but not for beam hardening by
wedges. Further work is necessary to incorporate a wedge-related,
beam hardening factor into the program.
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B. Blocked Fields
In the inplane analysis of the mantle block field, (Tables 48
and 50), most of the points compared on the right side of the central
axis were within ±3%. The agreement worsened at the 80% ray line.
Along and on the left side of the central axis, agreement between
measurments and calculations was worse than on the right side of
the central axis. Measured PDDs occurred at shallower depths than
the calculated values. These sampled points were in much closer
proximity to blocked portions of the field than the sampled points on
the right side of the central axis. The increased disagreement seen
can probably be attributed to the inadequacy of the penumbra model.
For the off-central-axis, crossplane analysis of the mantle
block field, (Tables 49 and 51), agreement to within ±.3% was
obtained on the right side of the central axis. Along the central axis
agreement was better than along the central axis of the inplane
scans. This is probably due to less influence from large, blocked
portions of the field. On the left side of the central axis, large
percent differences were observed, especially for the 100% depth
dose (Table 51) along 30% - 80% ray lines. This is a consequence of
the limitation described for large open fields where the primary
collimators clip the edges of fields greater than 32x32 cm2. ( For
this mantle block, the field size was 35x33 cm2.) As mentioned
earlier, unoptimzed off-axis factors contribute most to the observed
discrepancies.
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In conclusion, for calculating relative dose the UNC 3D
differential scatter program needs further work to include an
improved penumbra model, the addition of wedge-related beam
hardening, and optimal off-axis factors to accurately model the
clipping at the edges of large fields.
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Appendix I
Table 2    - Open  Field  (5x5),  Central  Inplane Comparison of Measured and
and Calculated Percent Depth Dose at Fixed Depths
52
CAX
Deptii (cm^     Computed      Measured
30% off CAX
Difference     Computed      Measured      Difference
5 99.92 99.80 -0.12% 99.64 99.55 -0.09%
10 74.79 74.82 0.04% 74.52 74.51 -0.01%
15 54.92 55.05 0.23% 54.64 54.71 0.13%
20 40.29 40.47 0.44% 40.02 40.17 0.37%
25 30.92 31.10 0.57% 30.64 30.87 0.74%
40% off CAX 50% off CAX




































60% off CAX 70% off CAX
Depth (cm^     Computed      Measured      Difference      Computed      Measured      Difference
5 98.21 98.01 -0.20% 95.89 95.99 0.10%
10 73.29 73.17 -0.15% 71.48 71.59 0.15%
15 53.72 53.64 -0.14% 52.32 52.44 0.22%
20 39.50 39.40 -0.23% 38.41 38.54 0.32%
25 30.63 30.47 -0.52% - • _
80% off CAX


















Table 3 - Open  Field  (10x10),  Central  Inplane Comparison  of Measured  and
Calculated Percent Depth Dose at Fixed Depths
53








5 100.06 0.14% -0.26%
10 77.12 77.47 0.46% 77.07 77.09 0.02%
15 58.42 58.88 0.79% 58.19 58.38 0.33%






Depth (cm^ Computed Measured Difference Computed Measured Difference
5 100.44 100.05 -0.39% 100.72 100.37 -0.36%
10 77.11 77.23 0.15% 77.10 77.23 0.16%
15 58.13 58.50 0.64% 57.88 58.34 0.79%






Depth (cmL ComputecL Measured Difference Computed Measured Difference
5 100.91 100.37 -0.53% 100.86 100.21 -0.65%
to 77.10 77.03 -0.08% 76.62 76.59 -0.04%
15 57.83 58.04 0.37% 57.12 57.42 0.51%
20 43.12 43.40 0.67% 42.38 42.70 0.75%
25 32.95 33.11 0.50% 32.38 32.43 0.14%
80% off CAX






















Table 4    - Open  Field  (15x15),  Central  Inplane Comparison  of Measured and
Calculated Percent Depth Dose at Fixed Depths
CAX 30% Off CAX
Depth (pm) Qomput?(;l _ Measured Difference CQmpgted Me^5gred    . Difference
5 99.95 100.08 0.13% 100.82 100.88 0.06%
10 78.66 79.08 0.54% 78.96 79.33 0.47%
15 60.81 61.44 1.02% 60.69 61.27 0.95%
20 46.42 47.15 1.55% 46.03 46.72 1.48%
25 35.47 36.20 2.01% 34.96 35.66 1.96%
40% off CAX
Depth (cm)     Computed      Measured       Difference
50% off CAX




































60% off CAX 70% off CAX
Depth (cm) Computed Measured Difference Computed Measured Difference,
5 102.43 102.21 -0.22% 102.60 101.62 -0.97%
10 79.36 79.49 0.16% 78.92 78.60 -0.40%
15 60.38 60.71 0.54% 59.58 59.69 0.17%
20 45.51 45.89 0.83% 44.60 44.87 0.61%
25 34.73 35.01 0.80% 33.96 34.16 0.57%
80% off CAX






















Table 5       - Open  Field  (20x20),  Central  Inplane  Comparison  of lUleasured  and
Calculated Percent Depth Dose at Fixed Depths
CAX 30% off CAX
Depth (cm)_ Compgted _ Measured Difference Computed Measured Difference
5 99.87 99.89 0.01% 101.41 101.76 0.34%
10 79.57 79.80 0.29% 80.31 80.98 0.83%
15 62.31 62.72 0.64% 62.50 63.40 1.42%
20 48.11 48.63 1.08% 48.00 49.02 2.09%
25 36.95 37.55 1.58% 36.79 37.84 2.78%
40% off CAX
Depth (cm>     Computed      Measured      Difference
50% off CAX





































Depth fcm^     Computed      Measured      Difference
70% off CAX


























































Table 6 - Open  Field  (25x25),  Central  Inplane Comparison of Measured  and
Calculated Percent Depth Dose at Fixed Depths
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CAX
Depth (cm)     Computed       Measured      Difference
30% off CAX
5 99.99 99.95 -0.04% 102.36 102.94 0.57%
10 80.24 80.44 0.24% 81.52 82.35 1.01%
15 63.60 63.77 0.27% 63.99 64.86 1.36%
20 50.05 49.96 -0.19% 49.75 50.47 1.43%
25 - - - . . -
40% off CAX
Depth (cm)     Computed       Measured      Difference
50% off CAX































Depth (cm)     Computed      Measured      Difference
70% off CAX































Depth (cm) Computed Measured Difference
5 102.80 102.66 -0.13%
10 79.58 79.79 0.27%
15 60.77 61.07 0.50%
20 46.35 46.50 0.33%
25 - - -
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Table  7  -     Open   Field   (30x30),   Central  Inplane Comparison  of  Measured  and
Calculated Percent Depth Dose at Fixed Depths
CAX 30% off CAX
Depth fcm^ Computed Me^5yred Different Comouted Measured Difference
5 100.03 100.10 0.07% 103.09 103.82 0.69%
10 80.67 80.84 0.21% 82.41 83.24 0.99%
15 64.16 64.38 0.34% 64.93 65.76 1.25%
20 50.50 50.72 0.43% 50.65 51.38 1.40%
25 39.69 39.86 0.43% 39.57 40.10 1.30%
40% off CAX
Depth fcm^     Computed      Mreasured      Difference
50% off CAX





































Depth (cm)     Computed      Measured      Difference
70% off CAX


























































Table 8       - Open  Field  (35x35),  Central  Inplane Comparison  of Measured  and
Calculated Percent Depth Dose at Fixed Depths
CAX 30% off CAX
Depth (gmL Qompyte(;i_ Measgrecl 0iff§r?np9 Computed Measured Difference
5 100.21 100.11 -0.09% 103.54 104.14 0.58%
10 80.96 81.26 0.36% 82.90 83.83 1.11%
15 64.67 65.05 0.59% 65.52 66.52 1.51%
20 51.32 51.50 0.34% 51.38 52.21 1.59%
25 . . . . - _
40% off CAX
Depth (cm^     Computed       Measured       Difference
50% off CAX































Depth (cm)     Computed      Measured       Difference
70% off CAX

















































Table 9  -     Open  Field  (40x40),   Central  Inplane Comparison  of  Measured  and
Calculated Percent Depth Dose at Fixed Depths
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CAX
Depth fcm^     Computed      Measured      Difference
30% off CAX
Computed      Measured      Difference
5 100.16 100.36 0.20% 103.52 103.99 0.45%
10 81.07 81.49 0.51% 83.19 83.25 0.07%
15 64.89 65.32 0.66% 66.01 65.86 -0.23%
20 51.60 51.85 0.47% 51.98 51.82 -0.31%
25 41.22 41.08 -0.34% 41.10 41.13 0.08%
40% off CAX
Depth (cm^     Computed      Mreasured      Difference
50% off CAX


































































































Table  10  - Open  Field  (10x4),  Central  inplane Comparison  of Measured  and
Calculated Percent Depth Dose at Fixed Depths








5 100.19 0.21% -0.03%
10 75.51 75.32 -0.25% 75.56 75.28 -0.37%
15 55.95 55.45 -0.89% 55.84 55.42 -0.77%
20 41.28 40.58 -1.73% 41.13 40.65 -1.17%
25 31.52 30.71 -2.62% 31.41 30.99 -1.37%
40% off CAX
Depth (cm)     Qprpputetj____Measured____Difference
50% off CAX





































Depth (cm^     Computed      Measured      Difference
70% off CAX
Computed       Measured      Difference
5 101.14 101.12 -0.02% 101.00 100.88 -0.12%
10 75.79 75.38 -0.55% 75.51 74.93 -0.78%
15 55.65 55.09 -1.02% 55.27 54.59 -1.26%
20 40.70 40.25 -1.13% 40.28 39.84 -1.11%
25 30.96 30.85 -0.33% 30.54 30.70 0.50%
80% off CAX
Depth (cm)     Computed      Measured      Difference
5 99.75 98.66 -1.10%
10 74.04 72.65 -1.91%
15 53.82 52.43 -2.65%
20 39.11 38.02 -2.86%
25 29.89 29.40 -1.66%
Table 11   - Open  Field (8x12),  Central Inplane Comparison of Measured and
Calculated Percent Depth Dose at Fixed Depths
61











10 77.00 76.93 -0.09% 76.94 76.73 -0.27%
15 58.27 58.06 -0.35% 58.04 57.84 -0.35%






Depth Computed Measured Difference Computed Measured Difference
5 100.18 99.75 -0.43% 100.23 99.76 -0.48%
10 76.88 76.48 -0.51% 76.78 76.20 -0.76%
15 57.87 57.56 -0.53% 57.67 57.10 -1.01%











5 100.18 99.49 97.93 -1.60%
10 76.57 75.64 -1.24% 75.82 74.29 -2.06%
15 57.46 56.49 -1.73% 56.70 55.31 -2.52%
20 42.85 41.84 -2.43% 42.13 40.97 -2.82%
25 32.74 31.69
80% off CAX
-3.33% 32.11 31.29 -2.63%
Depth Computed Measured Difference
5 97.16 92.74 -4.77%
10 73.39 69.10 -6.21%
15 54.37 50.42 -7.84%
20 40.10 36.68 -9.32%
25 30.58 27.90 -9.62%
Table  12 - Open  Field  (15x10),  Central  Inplane Comparison  of Measured  and




Computed      Measured      Difference
30% off CAX






































Computed      Measured      Difference
50% off CAX
Computed      Measured       Difference
5 101.87 102.85 0.95% 102.40 102.97 0.55%
10 78.58 79.38 1.01% 78.77 79.28 0.65%
15 59.44 60.11 1.11% 59.38 59.89 0.85%
20 44.45 45.04 1.31% 44.25 44.80 1.24%
25 33.61 34.17 1.64% 33.36 34.01 1.91%
Depth
60% off CAX
Computed      Measured       Difference
70% off CAX






































Computed      Measured       Difference
5 101.44 99.41 -2.05%
10 76.78 74.99 -2.38%
15 57.01 55.48 -2.76%
20 42.15 40.86 -3.14%
25 32.18 31.15 -3.32%
Table  13  -  Open  Field  (30x10),  Central  Inplane  Comparison  of Measured  and
Calculated Percent Depth Dose at Fixed Depths
63








5 100.24 0.11% 1.14%
10 78.51 78.49 -0.03% 80.17 81.20 1.26%
15 60.44 60.43 -0.01% 61.21 62.12 1.47%






Depth (cm^ Computed Measured Difference Computed .   Measured Difference
5 103.62 104.88 1.20% 103.57 105.03 1.40%
10 80.28 81.34 1.30% 80.08 81.30 1.50%
15 61.14 62.01 1.40% 60.78 61.81 1.66%






Pepth (cmL Qomputed. lyieft^yr^c;] Piff^r^nce Computed Measured Difference
5 103.45 105.44 1.89% 103.13 105.71 2.44%
10 79.86 81.29 1.76% 79.01 81.04 2.50%
15 60.56 61.63 1.74% 59.44 61.06 2.65%
20 45.57 46.48 1.96% 44.42 45.79 2.98%
25 34.87 35.82 2.66% 33.95 35.21 3.58%
80% off CAX
Depth (cm) Computed Measured Difference
5 103.03 105.68 2.51%
10 78.69 80.30 2.01%
15 59.09 59.91 1.37%
20 44.25 44.53 0.63%
25 34.15 34.14 -0.03%
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Table 14     - Open  Field  (10x10),  2.5 cm  off Central  Plane Comparison  of
Measured and Calculated Percent Depth Dose at Fixed Depths
CAX 30% off CAX
Depth (cm) Computed Measured Difference Computed Measured    . Difference
5 100.69 101.07 0.38% 100.85 101.23 0.38%
10 77.16 77.42 0.34% 77.26 77.56 0.39%
15 57.98 58.12 0.24% 58.07 58.28 0.37%
20 43.15 43.17 0.05% 43.28 43.41 0.30%
25 32.67 32.57 -0.30% 32.89 32.93 0.14%
40% Off CAX
Depth (cm^     Computed      Measured       Difference
50% off CAX





































Depth (cml     Computed      Measured       Difference
70% off CAX





































Depth (cm)     Computed      Measured       Difference
5 101.31 99.72 -1.60%
10 76.51 74.95 -2.08%
15 56.57 55.09 -2.69%
20 41.47 40.12 -3.37%
25 31.23 30.06 -3.90%
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Table 15 - Open  Field (15x15), Oblique 20 deg.. Central Crossplane
Comparison of Measured and Calculated Percent Depth Doses at
Fixed Depths
CAX
Depth (cm>     Computed      Measured      Difference Computed      Measured      Difference
5 99.50 100.01 0.51% 98.86 99.16 0.30%
10 77.68 78.34 0.85% 76.74 77.01 0.35%
15 59.30 59.88 0.96% 58.52 58.76 0.41%






Depth (cm^ Computed M^^syred Difference Computed Measured Difference
5 98.87 99.34 0.47% 98.90 99.45 0.55%
10 76.52 76.60 0.11% 76.16 76.40 0.31%
15 58.21 58.06 -0.27% 57.62 57.69 0.12%
20 43.96 43.72 -0.55% 43.28 43.34 0.13%
25 33.75 33.58 -0.52% 33.14 33.33 0.57%
60% off CAX
Depth (cm^     Computed      Measured       Difference
70% off CAX





































Depth fcm^ Computed Measured Difference
5 97.99 97.92 -0.08%
10 75.29 75.41 0.16%
15 56.88 57.06 0.30%
20 42.78 42.85 0.17%
25 32.97 32.80 -0.54%
Table  16     -  Open  field  (5x5),  Central  Inplane  Comparison  of  Depth  of Occurrence
for Measured and Calculated Percent Depth Doses
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CAX
PDD     Computed  Measured  AbsoluteA PercentA
30% off CAX
Computed  Measured  AbsoluteA PercentA
100 4.99 4.96 -0.02 -0.45% 4.94 4.92 -0.02 -0.34%
90 6.85 6.84 -0.01 -0.18% 6.80 6.79 -0.01 -0.18%
80 8.87 8.87 0.00 -0.01% 8.81 8.81 -0.01 -0.07%
70 11.09 11.11 0.01 0.11% 11.03 11.03 0.00 0.01%
60 13.59 13.62 0.03 0.20% 13.51 13.53 0.01 0.09%
50 16.49 16.54 0.05 0.29% 16.41 16.43 0.03 0.18%
40 20.12 20.20 0.08 0.37% 20.01 20.07 0.06 0.31%
30 25.72 25.87 0.15 0.56% 25.49 25.69 0.20 0.76%
_EDa
40% off CAX
Computed  Measured   AbsoluteA  PercentA
50% off CAX
Computed  Measured  AbsoluteA  PercentA
100 4.89 4.88 0.00 -0.08% 4.83 4.80 -0.02 -0.44%
90 6.74 6.74 0.01 0.10% 6.67 6.66 -0.01 -0.21%
80 8.74 8.76 0.02 0.19% 8.67 8.67 0.00 -0.05%
70 10.95 10.97 0.03 0.23% 10.87 10.88 0.01 0.07%
60 13.43 13.46 0.03 0.24% 13.33 13.36 0.03 0.19%
50 16.33 16.36 0.03 0.19% 16.21 16.26 0.05 0.32%
40 19.98 19.99 0.01 0.06% 19.79 19.89 0.11 0.54%
30 25.79 25.62 -0.17 -0.66% 25.27 25.61 0.33 1.31%
PDD
60% off CAX
Computed Measured  AbsoluteA PercentA
70% off CAX
Computed  Measured  AbsoluteA PercentA
100 4.68 4.64 -0.04 -0.79% 4.25 4.27 0.02 0.39%
90 6.53 6.50 -0.03 -0.49% 6.11 6.13 0.02 0.31%
80 8.54 8.51 -0.03 -0.33% 8.13 8.15 0.02 0.26%
70 10.75 10.73 -0.02 -0.23% 10.34 10.37 0.02 0.24%
60 13.24 13.22 -0.02 -0.17% 12.83 12.86 0.03 0.23%
50 16.14 16.12 -0.02 -0.15% 15.72 15.76 0.04 0.23%
40 19.78 19.75 -0.04 -0.19% 19.32 19.37 0.05 0.27%
30 25.53 25.38 -0.14 -0.57% 24.80 24.91 0.11 0.44%
±122.
80% off CAX
Computed  Measured   AbsoluteA  PercentA
100 3.50 3.59 0.09 2.52%
90 5.32 5.47 0.14 2.60%
80 7.29 7.49 0.20 2.60%
70 9.46 9.71 0.25 2.55%
60 11.88 12.18 0.30 2.44%
50 14.70 15.04 0.34 2.25%
40 18.19 18.53 0.34 1.86%
30 23.40 23.52 0.12 0.50%
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Table  17  -  Open  field  (10x10),  Central  Inplane  Comparison  of  Depth  of Occurrence
for Measured and Calculated Percent Depth Doses
CAX 30% off CAX
PDD Qompgt^d Measured AbsoluteA PercentA Qpmpgted Measured _ AbsoluteA PercentA
100 4.99 5.01 0.03 0.6% 5.02 4.97 -0.05 -1.0%
90 7.07 7.12 0.05 0.7% 7.08 7.06 -0.03 -0.4%
80 9.32 9.39 0.08 0.8% 9.31 9.31 0.00 0.0%
70 11.78 11.88 0.11 0.9% 11.75 11.77 0.02 0.2%
60 14.53 14.67 0.14 0.9% 14.47 14.52 0.05 0.4%
50 17.71 17.88 0.17 1.0% 17.61 17.69 0.08 0.5%
40 21.60 21.81 0.21 1.0% 21.44 21.55 0.12 0.5%





























































































































































Computed  Measured     AbsoluteA   PercentA
100 4.81 4.83 0.02 0.4%
90 6.73 6.78 0.06 0.8%
80 8.80 8.90 0.09 1.1%
70 11.08 11.21 0.14 1.2%
60 13.63 13.81 0.18 1.3%
50 16.59 16.81 0.23 1.4%
40 20.25 20.52 0.28 1.3%
30 25.68 25.97 0.29 1.1%
Table 18    - Open Field (15x15), Central Inplane Comparison of Occurrence for
Measured and Calculated Percent Depth Doses
CAX 30% off CAX
PPD Compyted Measured AbsolgteA P^rpentA Computed Measured AbspluteA PercentA
100 4.99 5.02 0.03 0.56% 5.17 5.19 0.02
0.30%
90 7.24 7.30 0.07 0.89% 7.37 7.42 0.05
0.68%
80 9.66 9.76 0.11 1.08% 9.74 9.83 0.09
0.91%
70 12.31 12.46 0.15 1.21% 12.33 12.46 0.13 1.06%
60 15.25 15.46 0.20 1.31% 15.21 15.39 0.18 1.18%
50 18.64 18.90 0.26 1.40% 18.52 18.76 0.24
1.29%
40 22.74 23.08 0.35 1.50% 22.52 22.84 0.32
1.42%






























































































































































Computed  Measured     AbsoluteA   PercentA
100 5.36 5.06 -0.30 -5.86%
90 7.32 7.10 -0.23 -3.18%
80 9.50 9.30 -0.20 -2.16%
70 11.88 11.71 -0.17 -1.48%
60 14.54 14.40 -0.14 -0.99%
50 17.62 17.52 -0.11 -0.61%
40 21.41 21.35 -0.06 -0.29%
30 26.88 26.88 0.00 0.01%
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Table  19 Open Field (20x20), Central Inplane Comparison of Depth of Occurrence
for Measured and Calculated Percent Depth Doses
CAX 30% off CAX
PDD Gomputed Measured AbsoluteA PercentA Computed Measured AbsoluteA PercentA
100 4.97 4.97 0.00 0.06% 5.31 5.40
0.08 1.57%
90 7.34 7.37 0.03 0.41% 7.61 7.73
0.13 1.67%
80 9.89 9.95 0.06 0.62% 10.08 10.26
0.18 1.74%
70 12.66 12.76 0.10 0.76% 12.78 13.01
0.23 1.80%
60 15.75 15.89 0.14 0.89% 15.79 16.09 0.30
1.87%
50 19.27 19.46 0.20 1.01% 19.24 19.62 0.39 1.96%
40 23.49 23.77 0.28 1.17% 23.41 23.91 0.50
2.11%






























































































































































Computed  Measured     AbsoluteA   PercentA
100 5.42 5.23 -0.20 -3.73%
90 7.51 7.33 -0.17 -2.35%
80 9.76 9.61 -0.15 -1.57%
70 12.23 12.10 -0.13 -1.09%
60 15.00 14.88 -0.12 -0.79%
SO 18.21 18.10 -0.12 -0.64%
40 22.18 22.03 -0.15 -0.68%
30 28.07 27.67 -0.40 -1.44
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Table  20  -  Open   Field  (25x25),  Central   Inplane  Comparison  of  Depth  of Occurrence
for Measured and Calculated Percent Depth Doses
CAX 30% off CAX
PDU Computed M^gsured Ab?olut?A PergentA Computed Measured AbspluteA PercentA
100 5.00 4.99 -0.01 -0.17% 5.53 5.67 0.14 2.53%
90 7.43 7.46 0.03 0.37% 7.87 8.05 0.19 2.31%
80 10.07 10.12 0.05 0.54% 10.40 10.62 0.23 2.12%
70 12.96 13.03 0.07 0.50% 13.18 13.44 0.26 1.94%
60 16.22 16.27 0.05 0.28% 16.29 16.57 0.29 1.72%
50 20.02 19.98 -0.04 -0.20% 19.90 20.19 0.28 1.41%
40 - - - - - - -
-






























































































































Computed  Measured     AbsoluteA   MeasuredA
100 5.52 5.53 0.00 0.05%
90 7.58 7.64 0.07 0.89%
80 9.79 9.94 0.15 1.51%
70 12.20 12.46 0.26 2.08%
60 14.90 15.31 0.41 2.69%
50 17.99 18.64 0.65 3.49%
40 - - - -
30 - . , ,
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Table 21   -  Open  Field  (30x30),  Central  Inplane  Comparison  of  Depth  of Occurrence
for Measured and Calculated Percent Depth Doses
CAX 30% off CAX
PDD Computed Measured AbsoluteA P^rpeptA Computed Measured . AbsoluteA PercentA
100 5.01 5.02 0.02 0.34% 5.81 5.87 0.07 1.14%
90 7.50 7.53 0.03 0.44% 8.17 8.27 0.10 1.23%
80 10.19 10.24 0.05 0.48% 10.72 10.86 0.14 1.33%
70 13.13 13.20 0.06 0.49% 13.50 13.70 0.20 1.47%
60 16.42 16.50 0.08 0.48% 16.60 16.87 0.28 1.66%
50 20.21 20.30 0.09 0.45% 20.14 20.54 0.40 1.94%
40 24.84 24.93 0.09 0.36% 24.43 25.05 0.62 2.47%













































































































































Computed  Measured     AbsoluteA   PercentA
100 5.61 5.85 0.24 4.07%
90 7.75 7.99 0.24 2.98%
80 10.07 10.31 0.24 2.28%
70 12.63 12.86 0.23 1.78%
60 15.51 15.72 0.21 1.36%
50 18.87 19.06 0.18 0.96%
40 23.13 23.23 0.10 0.45%
30 . . . .
Table  22     -  Open   Field   (35x35),   Central   Inplane   Comparison   of   Depth   of  Occurrenc
for Measured and Calculated Percent Depth Dose
72
CAX
PDD     Computed   Measured   AbsoluteA  PercentA
30% off CAX
100 5.05 5.03 -0.02 -0.44% 5.80 5.96 0.16 2.65%
90 7.56 7.59 0.04 0.50% 8.19 8.40 0.21 2.52%
80 10.27 10.36 0.09 0.86% 10.77 11.04 0.26 2.37%
70 13.26 13.38 0.12 0.92% 13.62 13.92 0.30 2.19%
60 16.63 16.75 0.13 0.75% 16.82 17.15 0.33 1.93%
50 20.56 20.62 0.06 0.27% 20.56 20.88 0.32 1.54%
40 25.53 25.31 -0.22 -0.86% 25.27 25.47 0.19 0.77%
30 - - . ^ • , — ,
_EEa
40% off CAX
Computed   Measured   AbsoluteA  PercentA
50% off CAX
100 5.83 6.00 0.17 2.84% 5.83 6.07 0.24 3.95%
90 8.19 8.40 0.21 2.52% 8.18 8.42 0.25 2.94%
80 10.75 11.00 0.25 2.28% 10.73 10.97 0.25 2.26%
70 13.57 13.85 0.28 2.06% 13.54 13.77 0.24 1.71%
60 16.76 17.07 0.31 1.80% 16.71 16.91 0.20 1.17%
50 20.52 20.82 0.30 1.44% 20.44 20.55 0.11 0.52%
40 25.33 25.52 0.19 0.76% 25.20 25.06 -0.14 -0.55%
30 - . . . _ _ . .
pdql
60% off CAX
Computed  Measured  AbsoluteA PercentA
70% off CAX
Computed  Measured  AbsoluteA PercentA
100 5.83 6.17 0.34 5.47% 5.74 6.17 0.43 6.99%
90 8.15 8.45 0.30 3.56% 7.98 8.40 0.42 5.02%
80 10.65 10.92 0.27 2.44% 10.41 10.82 0.41 3.76%
70 13.39 13.63 0.24 1.74% 13.09 13.48 0.38 2.85%
60 16.46 16.68 0.22 1.32% 16.12 16.46 0.34 2.09%
50 20.01 20.24 0.23 1.13% 19.68 19.95 0.27 1.37%
40 24.39 24.70 0.32 1.28% 24.22 24.33 0.11 0.43%




Computed  Measured   AbsoluteA  PercentA
100 6.36 6.07 -0.29 -4.77%
90 8.61 8.19 -0.42 -5.18%
80 11.09 10.49 -0.60 -5.72%
70 13.86 13.02 -0.84 -6.46%
60 17.10 15.89 -1.21 -7.59%
50 21.12 19.26 -1.86 -9.63%
40 27.24 23.57 -3.66 -15.55%
30 . - - -
Table  23  -  Open  Field  (40x40),  Central  Inplane  Comparison  of  Depth  of Occurrence
for Measured and Calculated Percent Depth Dose
73
CAX
PDD     Computed  Measured  AbsoluteA PercentA
30% off CAX
Computed  Measured  AbsoluteA  PercentA
100 5.04 5.09 0.05 0.99% 5.81 5.90 0.09 1.53%
90 7.57 7.66 0.09 1.17% 8.24 8.28 0.05 0.56%
80 10.31 10.43 0.12 1.17% 10.86 10.87 0.00 0.04%
70 13.32 13.46 0.14 1.06% 13.75 13.72 -0.03 -0.24%
60 16.72 16.86 0.14 0.83% 17.01 16.95 -0.06 -0.35%
50 20.69 20.78 0.09 0.42% 20.81 20.76 -0.06 -0.28%
40 25.70 25.58 -0.11 -0.45% 25.61 25.65 0.04 0.16%




Computed   Measured   AbsoluteA  PercentA
50% off CAX
100 5.82 6.12 0.30 4.91% 5.82 6.26 0.44 7.01%
90 8.22 8.50 0.28 3.25% 8.20 8.57 0.37 4.29%
80 10.82 11.07 0.25 2.25% 10.78 11.07 0.29 2.59%
70 13.68 13.90 0.22 1.56% 13.61 13.81 0.19 1.40%
60 16.90 17.08 0.18 1.05% 16.80 16.88 0.08 0.46%
50 20.65 20.78 0.13 0.61% 20.52 20.44 -0.07 -0.36%
40 25.37 25.42 0.05 0.19% 25.18 24.87 -0.31 -1.26%
30 - - . . - , _ .
.B2D.
60% off CAX
Computed  Measured  AbsoluteA  PercentA
70% off CAX
Computed  Measured   AbsoluteA  PercentA
100 5.79 6.36 0.56 8.85% 5.72 6.31 0.59 9.37%
90 8.14 8.61 0.47 5.41% 8.01 8.49 0.48 5.66%
80 10.68 11.04 0.36 3.29% 10.49 10.86 0.37 3.37%
70 13.47 13.72 0.26 1.87% 13.22 13.47 0.25 1.83%
60 16.59 16.74 0.15 0.87% 16.29 16.41 0.12 0.76%
50 20.23 20.26 0.04 0.18% 19.86 19.87 0.01 0.04%
40 24.74 24.69 -0.05 -0.20% 24.34 24.28 -0.06 -0.27%




Computed  Measured  AbsoluteA PercentA
100 5.59 6.01 0.42 6.91%
90 7.80 8.08 0.29 3.55%
80 10.19 10.34 0.15 1.41%
70 12.84 12.83 -0.01 -0.11%
60 15.83 15.63 -0.20 -1.28%
50 19.37 18.94 -0.43 -2.28%
40 23.91 23.14 -0.77 -3.32%
30 . - - -
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Table  24 -  Open   Field  (10x4),  Central   Inplane  Comparison  of  depth  of Occurrence
for Measured and Calculated Percent Depth Dose
CAX 30% off CAX
PDD Computed Measured AbsoluteA PercentA Comouted Measured AbsoluteA PercentA
100 5.00 5.04 0.04 0.78% 5.05 5.04 -0.01 -0.10%
90 6.92 6.93 0.01 0.13% 6.96 6.93 -0.03 -0.38%
80 9.00 8.98 -0.03 -0.28% 9.02 8.97 -0.05 -0.56%
70 11.29 11.22 -0.07 -0.59% 11.29 11.21 -0.08 -0.68%
60 13.85 13.74 -0.12 -0.85% 13.83 13.72 -0.11 -0.78%
50 16.83 16.65 -0.19 -1.12% 16.79 16.64 -0.15 -0.88%
40 20.54 20.24 -0.30 -1.48% 20.47 20.27 -0.20 -0.99%
30 26.12 25.50 -0.62 -2.44% 26.06 25.73 -0.32 -1.26%
.£Da
40% off CAX
Computed  Measured   AbsoluteA  PercentA
50% off CAX
100 5.12 5.09 -0.03 -0.64% 5.17 5.16 -0.01 -0.22%
90 7.02 6.96 -0.06 -0.83% 7.05 7.02 -0.04 -0.55%
80 9.08 8.99 -0.09 -0.96% 9.09 9.02 -0.07 -0.75%
70 11.33 11.21 -0.12 -1.07% 11.33 11.23 -0.10 -0.89%
60 13.86 13.70 -0.16 -1.17% 13.84 13.70 -0.14 -0.99%
50 16.81 16.59 -0.21 -1.29% 16.76 16.59 -0.18 -1.08%
40 20.47 20.17 -0.30 -1.48% 20.41 20.18 -0.23 -1.15%
30 26.03 25.50 -0.53 -2.08% 25.98 25.66 -0.32 -1.24%
.PQEL
60% off CAX
Computed  Measured   AbsoluteA  PercentA
70% off CAX
100 5.20 5.20 0.00 0.00% 5.18 5.15 -0.03 -0.50%
90 7.07 7.03 -0.04 -0.55% 7.03 6.97 -0.07 -0.96%
80 9.09 9.02 -0.07 -0.81% 9.04 8.93 -0.11 -1.20%
70 11.31 11.20 -0.11 -0.97% 11.24 11.09 -0.15 -1.32%
60 13.80 13.66 -0.14 -1.04% 13.71 13.53 -0.18 -1.34%
50 16.69 16.52 -0.17 -1.05% 16.57 16.37 -0.20 -1.24%
40 20.29 20.10 -0.18 -0.91% 20.11 19.93 -0.18 -0.91%
30 25.71 25.68 0.03 -0.09% 25.39 25.58 0.19 0.73%
80% off CAX
PDD Computed Measured AbeoluteA PercentA
100.00 4.96 4.77 -0.19 -3.90%
90.00 6.77 6.55 -0.23 -3.47%
80.00 8.74 8.47 -0.27 -3.20%
70.00 10.90 10.58 -0.32 -2.99%
60.00 13.32 12.96 -0.36 -2.81%
50.00 16.13 15.72 -0.41 -2.63%
40.00 19.63 19.17 -0.46 -2.39%
30.00 24.92 24.50 -0.41 -1.68%
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Table  25  -  Open   Field   (8x12),  Central   Inplane  Comparison  of  Depth  of  OccurrenC'
for IMeasured and Calculated Percent Depth Doses
CAX 30%offCAX
PDD     Computed  Measured   AbsoluteA  PercentA   Computed   Measured   AbsoluteA  PercentA
100 4.97 4.99 0.02 0.46% 5.01 4.98 -0.03 -0.64%
90 7.05 7.05 0.01 0.10% 7.06 7.02 -0.04 -0.56%
80 9.29 9.28 -0.01 -0.12% 9.28 9.23 -0.05 -0.51%
70 11.74 11.71 -0.03 -0.27% 11.71 11.66 -0.05 -0.46%
60 14.49 14.43 -0.06 -0.39% 14.42 14.37 -0.06 -0.41%
50 17.65 17.56 -0.09 -0.50% 17.56 17.49 -0.06 -0.35%
40 21.52 21.38 -0.13 -0.63% 21.39 21.34 -0.05 -0.25%
30 27.02 26.79 -0.24 -0.88% 26.86 26.87 0.01 0.03%
40% off CAX 50% off CAX
PDD     Computed  Measured  AbsoluteA PercentA   Computed Measured  AbsoluteA PercentA
100 5.04 4.95 -0.08 -1.69% 5.05 4.95 -0.09 -1.87%
90 7.07 6.98 -0.09 -1.26% 7.07 6.96 -0.11 -1.59%
80 9.27 9.18 -0.09 -1.00% 9.25 9.13 -0.13 -1.41%
70 11.68 11.59 -0.09 -0.81% 11.65 11.50 -0.15 -1.28%
60 14.38 14.29 -0.09 -0.64% 14.32 14.16 -0.17 -1.17%
50 17.49 17.41 -0.08 -0.48% 17.42 17.23 -0.18 -1.06%
40 21.32 21.26 -0.06 -0.26% 21.21 21.02 -0.19 -0.91%
30 26.85 26.92 0.07 0.28% 26.68 26.53 -0.14 -0.54%
60% off CAX 70% off CAX
PDD     Computed  Measured  AbsoluteA PercentA   Computed  Measured  AbsoluteA PercentA
100 5.04 4.86 -0.17 -3.55% 4.90 4.60 -0.30 -6.48%
90 7.04 6.84 -0.20 -2.95% 6.89 6.57 -0.32 -4.88%
80 9.21 9.08 -0.14 -1.49% 9.04 8.70 -0.34 -3.96%
70 11.59 11.53 -0.06 -0.53% 11.40 11.03 -0.37 -3.37%
60 14.26 14.29 0.02 0.16% 14.04 13.64 -0.40 -2.95%
50 17.36 17.49 0.12 0.71% 17.11 16.67 -0.44 -2.63%
40 21.21 21.46 0.26 1.19% 20.89 20.41 -0.48 -2.37%
30 26.97 27.47 0.50 1.81% 26.49 25.93 -0.56 -2.17%
.EEQ
80% off CAX
100 4.44 3.70 -0.74 -19.86%
90 6.38 5.60 -0.78 -13.98%
80 8.48 7.64 -0.84 -10.94%
70 10.77 9.88 -0.90 -9.11%
60 13.35 12.37 -0.98 -7.91%
50 16.32 15.24 -1.08 -7.11%
40 19.98 18.73 -1.25 -6.68%
30 25.31 23.63 -1.67 -7.08%
Table  26  -  Open  Field  (15x10),  Central  Inplane  Comparison  of  Depth  of Occurrence
for Measured and Calculated Percent Depth Doses
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CAX
PDD     Computed  Measured  AbsoluteA  PercentA
30% off CAX
Computed  Measured  AbsoluteA  PercentA
100 5.00 5.07 0.06 1.27% 5.25 5.40 0.14 2.62%
90 7.15 7.21 0.06 0.80% 7.36 7.49 0.13 1.73%
80 9.48 9.53 0.05 0.54% 9.63 9.75 0.12 1.22%
70 12.01 12.06 0.05 0.39% 12.12 12.23 0.11 0.91%
60 14.84 14.88 0.05 0.31% 14.88 14.99 0.11 0.74%
50 18.08 18.13 0.05 0.28% 18.07 18.19 0.12 0.67%
40 22.00 22.08 0.07 0.32% 21.93 22.10 0.17 0.75%
30 27.42 27.58 0.16 0.59% 27.33 27.70 0.37 1.34%
_EI2Q
40% off CAX
Computed   Measured   AbsoluteA  PercentA
50% off CAX
100 5.37 5.56 0.19 3.44% 5.47 5.58 0.11 1.98%
90 7.44 7.63 0.19 2.48% 7.50 7.62 0.13 1.70%
80 9.67 9.86 0.19 1.91% 9.71 9.83 0.13 1.29%
70 12.11 12.30 0.19 1.54% 12.13 12.26 0.13 1.04%
60 14.84 15.03 0.20 1.30% 14.83 14.97 0.14 0.92%
50 17.98 18.19 0.21 1.16% 17.94 18.11 0.17 0.92%
40 21.83 22.09 0.25 1.15% 21.75 21.99 0.24 1.10%
30 27.32 27.74 0.42 1.53% 27.12 27.68 0.56 2.02%
60% off CAX 70% off CAX
PDP Comouted Measured AbsoluteA PercentA Computed Measured AbsoluteA PercentA
100 5.56 5.50 -0.05 -0.99% 5.51 5.31 -0.20 -3.75%
90 7.56 7.51 -0.05 -0.66% 7.48 7.29 -0.19 -2.63%
80 9.72 9.68 -0.05 -0.48% 9.61 9.43 -0.18 -1.94%
70 12.10 12.06 -0.04 -0.36% 11.94 11.77 -0.17 -1.45%
60 14.76 14.72 -0.04 -0.30% 14.56 14.41 -0.15 -1.06%
50 17.85 17.80 -0.05 -0.29% 17.60 17.47 -0.13 -0.72%
40 21.68 21.60 -0.08 -0.35% 21.36 21.28 -0.07 -0.35%
30 27.36 27.16 -0.20 -0.74% 26.94 27.05 0.12 0.43%
PDD
80% off CAX
Computed  Measured  AbsoluteA PercentA
100 5.27 4.89 -0.38 -7.71%
90 7.20 6.81 -0.39 -5.67%
80 9.29 8.89 -0.40 -4.48%
70 11.58 11.17 -0.41 -3.70%
60 14.16 13.72 -0.44 -3.17%
50 17.16 16.69 -0.47 -2.81%
40 20.90 20.36 -0.54 -2.63%
30 26.62 25.84 -0.79 -3.04%
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Table 27  - Open field  (30x10),  Central  Inplane Comparison  of  Depth of Occurrence
for Measured and Calculated Percent Depth Doses















90.00 7.24 7.25 0.01 0.11% 7.75 7.99 0.24 2.99%
80.00 9.63 9.62 0.00 -0.04% 10.04 10.28 0.24 2.38%
70.00 12.23 12.22 -0.01 -0.08% 12.55 12.80 0.25 1.98%
60.00 15.14 15.13 0.00 -0.01% 15.36 15.63 0.27 1.74%
50.00 18.47 18.50 0.03 0.18% 18.62 18.93 0.31 1.63%
40.00 22.50 22.64 0.14 0.62% 22.67 23.06 0.39 1.71%
30.00 28.05 28.64 0.58 2.04% 28.71 29.49 0.78 2.65%
PDD
40% off CAX
Cpmp^^tQd   M$a?tJr9d   AbsoluteA  PercentA
50% off CAX
100.00 5.72 5.97 0.25 4.12% 5.70 5.99 0.28 -4.75%
90.00 7.81 8.05 0.25 3.07% 7.78 8.06 0.28 -3.51%
80.00 10.07 10.31 0.25 2.41% 10.02 10.30 0.28 -2.76%
70.00 12.55 12.80 0.25 1.96% 12.48 12.76 0.29 -2.26%
60.00 15.34 15.59 0.25 1.62% 15.23 15.53 0.30 -1.93%
50.00 18.59 18.84 0.26 1.36% 18.42 18.75 0.32 -1.72%
40.00 22.64 22.91 0.26 1.16% 22.37 22.75 0.38 -1.67%
30.00 28.90 29.20 0.30 1.02% 28.23 28.88 0.64 -2.23%
PDD
60% off CAX
Computed   Measured   AbsoluteA  PercentA
70% off CAX
Computed  Measured   AbsoluteA  PercentA
100.00 5.68 6.05 0.37 6.14% 5.60 6.08 0.48 7.86%
90.00 7.74 8.09 0.35 -4.32% 7.60 8.07 0.47 5.78%
80.00 9.97 10.30 0.33 -3.20% 9.78 10.23 0.46 4.48%
70.00 12.41 12.73 0.31 -2.47% 12.16 12.62 0.46 3.61%
60.00 15.16 15.48 0.31 -2.01% 14.84 15.30 0.46 3.03%
50.00 18.36 18.70 0.33 -1.77% 17.96 18.46 0.50 2.69%
40.00 22.35 22.78 0.43 -1.88% 21.86 22.46 0.60 2.67%
30.00 28.45 29.60 1.15 -3.87% 27.87 29.16 1.29 4.42%
PDD
80% off CAX
Computed  Measured  AbsoluteA PercentA
100.00 5.57 6.04 0.46 7.70%
90.00 7.55 7.97 0.42 5.21%
80.00 9.70 10.06 0.36 3.60%
70.00 12.07 12.37 0.30 2.45%
60.00 14.74 14.98 0.24 1.58%
50.00 17.87 18.03 0.16 0.89%
40.00 21.83 21.90 0.07 0.30%
30.00 28.40 28.33 -0.07 -0.25%
Table 28    - Open Field (10x10), 2.5 cm off Central  Plane Comparison of Depth of
Occurrence for Measured and Calculated Percent Depth Doses















90 7.16 7.23 0.07 -1.0% 7.18 7.26 0.07 1.0%
80 9.34 9.41 0.06 -0.7% a37 9.44 0.07 0.7%
70 11.74 11.79 0.05 -0.5% 11.76 11.83 0.07 0.6%
60 14.41 14.46 0.04 -0.3% 14.44 14.50 0.06 0.4%
50 17.51 17.53 0.03 -0.2% 17.54 17.60 0.06 0.3%
40 21.30 21.30 0.00 0.0% 21.37 21.41 0.05 0.2%
30 26.77 26.67 -0.10 0.4% 26.97 26.98 0.01 0.0%
PDD
40% off CAX


























































































































































Computed  Measured     AbsoluteA   PercentA
100 5.24 4.95 -0.29 -5.9%
90 7.16 6.85 -0.31 -4.6%
80 9.23 8.90 -0.34 -3.8%
70 11.51 11.14 -0.37 -3.3%
60 14.05 13.64 -0.40 -3.0%
SO 16.98 16.53 -0.46 -2.8%
40 20.60 20.05 -0.55 -2.7%
30 25.83 25.04 -0.79 -3.2%
Table  29  -  Open  Field  (15x15),  Oblique 20 deg..  Central  Inplane  Comparison of
Depth of Occurence for Measured and Calculated Percent Depth Doses
CAX
PDD     Computed   Measured   AbsoluteA  PercentA
30% off CAX
Computed   Measured   AbsoluteA  PercentA
100 4.89 5.00 0.11 2.15% 4.76 4.83 6.23% 1.29%
90 7.08 7.22 0.14 1.91% 6.90 6.96 6.41% 0.92%
80 9.43 9.59 0.16 1.69% 9.20 9.27 6.63% 0.72%
70 11.98 12.15 0.18 1.45% 11.73 11.80 6.92% 0.59%
60 14.79 14.96 0.17 1.16% 14.55 14.62 7.33% 0.50%
50 17.98 18.11 0.14 0.75% 17.81 17.89 7.96% 0.45%
40 21.74 21.76 0.02 0.11% 21.80 21.89 9.13% 0.42%
30 26.57 26.27 -0.31 -1.18% 27.52 27.65 12.80% 0.46%
.EDO.
40% off CAX
Computed   Measured   AbsoluteA  PercentA
50% off CAX
Computed   Measured   AbsoluteA  PercentA
100 4.77 4.87 0.10 2.00% 4.78 4.89 0.11 2.29%
90 6.88 6.94 0.07 0.94% 6.85 6.94 0.09 1.27%
80 9.16 9.19 0.03 0.35% 9.09 9.15 0.07 0.71%
70 11.66 11.65 0.00 -0.03% 11.54 11.58 0.04 0.37%
60 14.46 14.42 -0.04 -0.28% 14.29 14.31 0.02 0.17%
50 17.70 17.63 -0.08 -0.44% 17.47 17.49 0.02 0.09%
40 21.71 21.61 -0.11 -0.50% 21.41 21.44 0.04 0.17%
30 27.64 27.57 -0.07 -0.25% 27.21 27.46 0.26 0.94%
±Qa
60% off CAX
Computed   Measured   AbsoluteA  PercentA
70% off CAX
Computed  Measured  AbsoluteA PercentA
100 4.79 4.86 0.07 1.42% 4.76 4.77 0.01 0.31%
90 6.85 6.90 0.05 0.76% 6.79 6.82 0.03 0.42%
80 9.06 9.10 0.04 0.39% 8.99 9.04 0.04 0.47%
70 11.50 11.52 0.02 0.16% 11.42 11.47 0.05 0.47%
60 14.23 14.23 0.00 0.02% 14.14 14.20 0.06 0.45%
50 17.40 17.39 -0.01 -0.04% 17.32 17.38 0.06 0.37%
40 21.33 21.33 0.00 -0.02% 21.31 21.35 0.04 0.19%
30 27.21 27.32 0.11 0.40% 27.58 27.41 -0.17 -0.63%
PDD
80% off CAX
Computed   Measured   AbsoluteA  PercentA
100 4.60 4.58 -0.02 -0.44%
90 6.66 6.66 0.00 0.02%
80 8.88 8.90 0.02 0.24%
70 11.32 11.36 0.04 0.34%
60 14.06 14.12 0.05 0.36%
50 17.25 17.30 0.05 0.29%
40 21.21 21.23 0.01 0.06%
30 27.22 26.95 -0.27 -1.00%
Table 30 - Wedged  Field  15 deg.  (15x15),  Central Inplane Comparison of
Measured and Calculated Percent Depth Dose at Fixed Depths











10 78.75 79.25 0.64% 81.03 81.72 0.84%
15 60.97 61.75 1.25% 62.36 63.44 1.71%
20 46.60 47.54 1.98% 47.39 48.67 2.63%
25 35.62 36.63 2.74% 36.12 37.39 3.40%
80
30% off CAX thicl< end
Depth (cm)     Computed     Measured      Difference
40% off CAX thin end




































40% off CAX thiols end
Depth (cm)     Computed      Measured     Difference
50% off CAX thin end




































50% off CAX thiols end
Depth (cm)     Computed      Measured      Difference
60% off CAX thin end




































60% off CAX thick end
Depth (cm^     Computed___Measured     Difference
70% off CAX thin end




































70% off CAX thick end
Depth (cm)     Calculated     Measured     Difference
80% off CAX thin end




































80% off CAX thick end





















Table  31     -  Wedged   Field  15  deg.  (15x15),  Collimator 320  deg.,   Central  Inplane
Comparison of Measured  and Calculated  Percent  Depth  Dose for  Fixed
Depths
82








5 98.71 98.97 0.27%
to 78.70 79.71 1.26% 77.20 78.00 1.02%
15 60.85 62.05 1.94% 59.30 60.38 1.79%
20 46.44 47.69 2.61% 45.01 46.11 2.40%
25 35.49 36.63 3.12% 34.31 35.19 2.52%
30% off CAX thin end
Depth (cm)     Computed___Measured____Differ^ngg





































40% off CAX thin end
Depth (cm)     Computed      Measured     Difference
50% off CAX thicl< end




































50% off CAX thin end
Depth (cm)     Computed      Measured      Difference
60% off CAX thiols end
Computed       Measured______Difference
5 106.23 106.72 0.46% 97.58 95.43 -2.25%
10 82.17 83.32 1.38% 74.98 74.22 -1.03%
15 62.35 63.86 2.36% 56.58 56.70 0.21%
20 46.79 48.36 3.25% 42.38 42.88 1.18%
25 35.47 36.80 3.61% 32.38 32.77 1.19%
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60% off CAX thin end
Depth (cm)    Computed___IVl9a?^^r9^^    Differgnc^





































70% off CAX thin end
Depth (cm^     Computed      Measured     Difference
80% off CAX thicl< end




































80% off CAX thin end
Depth (cm)     Computed      Measured      Difference
5 107.18 105.40 -1.69%
10 81.34 80.49 -1.05%
15 60.73 60.28 -0.73%
20 44.87 44.77 -0.21%
25 33.76 33.96 0.61%
Table 32 - Wedged Field 30 deg. (15x15), Central Inplane Comparison of
Measured and Calculated Percent Depth Dose at Fixed Depths
CAX 30% off CAX thin end
Depth (cmL Computed Measured Difference Computed Measured Difference
5 100.01 99.93 -0.08% 108.56 108.11 -0.42%
10 78.75 79.22 0.58% 85.18 85.54 0.42%
15 60.89 61.75 1.39% 65.60 66.52 1.38%
20 46.43 47.53 2.32% 49.82 51.05 2.41%
25 35.37 36.57 3.27% 37.84 39.13 3.30%
84
30% off CAX thicl< end
Depth (cm)     Computed      Measured     Difference
40% off CAX thin end
























40% off CAX thicl< end
Depth fern)      Computed      Measured      Difference
50% off CAX thin end

























50% off CAX thick end
Depth (cm)     Computed      Measured     Difference
5 90.06 90.61 0.60%
10 70.25 71.49 1.73%
15 53.88 55.51 2.93%
20 40.97 42.69 4.02%
25 31.50 33.01 4.56%
60% off CAX thin end






60% off CAX thick end
Depth (cm^     Computed      Measured     Difference
70% off CAX thin end






















70% off CAX thick end
Depth fcm^     Computed      Measured     Difference
80% off CAX thin end






















80% off CAX thick end


















Table  33  -  Wedged  Field  30  deg.  (15x15),  Collimator 320  deg.  ,  Central
Inplane Comparison  Measured and Calculated  Percent  Depth  Dose
at Fixed Depths
CAX 30% off CAX thin end
Depth (cm) Computed. Measured. Difference. Computed Measured Difference
5 100.08 99.41 -0.68% 107.49 108.15 0.61%
10 78.91 78.81 -0.13% 84.05 85.29 1.46%
IS 61.14 61.46 0.51% 64.45 66.07 2.45%
20 46.77 47.35 1.24% 48.71 50.51 3.57%
25 35.80 36.51 1.93% 36.81 38.59 4.62%
30% Off CAX thicl< end
Depth (cm^     Computed      Measured     Difference
40% off CAX thin end

























40% off CAX thick end
Depth (cm)     Computed      Measured     Difference
5 94.44 92.48 -2.12%
10 73.58 72.97 -0.83%
15 56.27 56.66 0.69%
20 42.51 43.55 2.39%
25 32.30 33.64 3.99%
50% off CAX thin end





50% off CAX thick end
Depth (cm)     Computed      Measured     Difference
60% off CAX thin end
Computed      Measured     Difference
5 93.15 90.22 -3.24%
10 72.19 70.96 -1.73% 88.94 88.99 0.05%
15 54.98 54.94 -0.07% 67.39 68.12 1.07%
20 41.52 42.18 1.56% 50.40 51.51 2.15%
25 31.81 32.66 2.61% 37.95 39.14 3.04%
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60% off CAX thicl< end
Depth fcm)     Computed      Measured     Difference
70% off CAX thin end

































70% off CAX thiols end 80% Off CAX thin end
D?pth (cml Computed Mgasurgd Differ^ncg Computed Measured Difference
5 84.14 84.11 -0.03% . . .
10 65.64 65.59 -0.08% 89.95 88.85 -1.24%
15 50.30 50.36 0.14% 67.43 B7.11 -0.47%
20 38.10 38.44 0.88% 49.80 49.98 0.35%
25 - - . 37.08 37.44 0.97%
80% off CAX thicl< end
Depth (cm^     Computed      Measured     Difference
5
10 65.68 62.45 -5.17%
15 49.04 47.60 -3.02%
20 36.54 36.24 -0.82%
25 28.20 28.39 0.68%
Table 34 - Wedged  Field  30 deg.  (15x15), Oblique 20 deg..  Central  Inplane
Comparison of Measured and Calculated  Percent Depth  Dose at Fixed
Depths
CAX 30% Off CAX th-n end





5 100.31 100.41 105.30 -1.04%
10 74.58 76.23 2.17% 78.86 79.90 1.30%
15 54.16 56.51 4.16% 57.13 59.35 3.74%
a) 39.03 41.23 5.34% 41.20 43.65 5.61%
25 29.21 30.41 3.95% 31.07 32.80 5.27%
30% Off CAX thicl< end 40% off CAX thin end
Depth (cm).. Cpmpuled . Measured Difference Computed IV!?a?yr?i;i , _ Diff?r?n?9
5 95.60 96.20 0.62% 108.53 107.58 -0.89%
10 70.61 72.56 2.69% 80.37 81.20 1.02%
15 50.73 52.21 2.83% 58.16 60.02 3.09%
20 34.33 32.56 -5.44% 41.90 44.04 4.85%
25 . . . 31.59 33.26 5.01%
40% off CAX thiols end 50% off CAX thin end







5 94.26 95.26 -1.22%
10 69.14 70.53 1.97% 81.92 82.59 0.82%
15 51.13 49.76 -2.75% 59.14 61.07 3.16%
20 - - - 42.46 44.89 5.42%
25 . . . 31.88 34.07 6.43%
50% off CAX thick end 60% off CAX thin end
Depth (cm),. Computed , Measured Difference Computed Measured Difference
5 92.87 93.58 0.76% . . -
10 67.73 68.04 0.46% 83.49 83.75 0.32%
15 - - - 60.23 61.67 2.34%
20 - - -   , 43.22 45.03 4.03%
25 . . . 32.4G 33.85 4.11%
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60% off CAX thick end
Pepth fcm>       Computed____Measured____Difference
70% off CAX thin end



























70% off CAX thick end
Depth fcm^      Computed       Measured        Difference
5 90.00 89.44 -0.63%
10 - - -
15 - -   - -
20 - -  - -
25 • . ,
80% off CAX thin end





80% off CAX thick end
Depth (cm)      Computed        Measured        Difference
5 91.34 89.67 -1.86%
10 - - -
15 - - -
20 - - -
25 . . .
Table  35   -  Wedged   Field   45   deg.   (15x15),   Central   Inplane  Comparison  of  Measured







10 78.74 79.78 1.31%
15 61.00 62.58 2.52%
20 46.56 48.52 4.05%
25 35.42 37.62 5.85%
30% off CAX thin end













30% off CAX thick end




10 69.87 71.95 2.90%
15 54.03 56.34 4.09%
20 41.30 43.57 5.22%
25 31.66 33.66 5.93%
40% off CAX thin end






















10 67.05 69.59 3.64% 97.23 95.76 -1.54%
15 51.53 54.52 5.48% 74.38 74.45 0.09%
20 39.20 42.25 7.21% 56.33 57.30 1.68%
25 30.08 32.78 8.24% 43.08 44.29 2.73%
Pepth (cm)
50% off CAX thicl^ end
Computed       Measured        Difference
60% off CAX thin end































60% off CAX thick end 70% off CAX thin end
Depth fcm) Computed
79.29
Measured Difference Computed. _Measi!isd_. Difference
5 81.24 2.40%
10 61.64 64.15 3.91% 103.77 100.49 -3.27%
15 47.19 49.96 5.54% 79.23 77.48 -2.25%
20 35.94 38.67 7.05% 59.68 59.12 -0.95%
25 . . . 45.14 45.41 0.60%
70% off CAX thicl< end 80% off CAX thin end
Depth fcml Computed Measured Difference Computed Measured Difference
5 76.25 77.67 1.83%
10 58.80 60.94 3.51% 108.82 103.93 -4.70%
15 44.70 47.15 5.20% 82.79 80.10 -3.36%
20 33.95 36.32 6.52% 62.12 61.02 -1.79%
25 . . - 46.79 46.69 -0.21%
80% off CAX thick end
Depth (cm).. Computed . Measured . Difference
5 72.24 73.34 1.51%
10 55.47 57.41 3.38%
15 42.05 44.37 5.25%
20 31.98 34.24 6.61%
25 . . .
Table  36  -  Wedged  Field  45 deg.   (15x15),  Callimator 320 deg..Central  Inplane




Depth (cm^      Computed        Measured        Difference
30% off CAX thin end

































30% off CAX thiols end
Dgpth (cm)     Computed____Msasuisd____Difference
40% off CAX thin end

































40% off CAX thick end
Depth (cm) Computed Measured Difference
5 88.67 87.95 -0.82%
10 69.18 69.65 0.67%
IS 53.05 54.30 2.30%
20 40.26 41.90 3.90%
25 30.83 32.45 5.00%
50% off CAX thin end













50% off CAX thick end
Depth (cm)      Computed        Measured        Difference
60% off CAX thin end






























60% Off CAX thick end 70% off CAX thin end




10 64.02 63.29 -1.14% 98.78 97.02 -1.81%
15 48.60 48.94 0.70% 74.55 74.61 0.08%
20 36.73 37.53 2.15% 55.72 56.75 1.82%
25 - . . 42.29 43.44 2.65%
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70% Off CAX thiols end
Depth fern)      Computed        Measured    % Difference
s 79.89 76.55 -4.37%
10 61.21 59.96 -2.08%
15 46.18 46.13 -0.12%
20 34.80 35.04 0.68%
25 ͣͣ". . .
80% off CAX thin end













80% off CAX thicl< end
Depth (cm^ Measured
5 76.51 72.46 -5.60%
10 58.18 56.31 -3.32%
15 43.59 43.21 -0.89%
20 32.76 33.16 1.20%
25 . . .
Table   37  -   Wedged   Field   60   deg.   (15x15),   Central   Inplane   Comparison   of   Measured
and Calculated Percent Depth Dose at Fixed Depths
94
CAX 30% off CAX thick end
Deoth (cml Computed.
100.40
Measured Difference Computed Measured Difference
5 100.35 -0.05% 81.14 83.59 2.93%
10 79.47 80.10 0.78% 64.02 66.70 4.02%
15 61.79 62.95 1.83% 49.65 52.46 5.36%
20 47.36 48.90 3.14% 38.03 40.87 6.95%







30% off CAX thin end













40% off CAX thicl< end





40% Off CAX thin end 50% off CAX thicit end




10 105.53 103.17 -2.29% 55.36 58.63 5.58%
15 81.25 80.49 -0.95% 42.88 45.97 6.72%
20 61.67 62.06 0.62% 32.96 35.86 8.10%
25 46.79 47.88 2.27% . . .
50% off CAX thin end 60% off CAX thicl< end






10 - - - 51.25 54.70 6.31%
15 86.87 84.97 -2.24% 39.41 42.84 8.01%
20 65.82 65.32 -0.78% 30.22 33.58 10.01%
25 49.62 50.06 0.87% . . .
95
60% off CAX thin end 70% off CAX thick end
Pepth (cm), . Comouted iVIeasured Difference Computed IVIeasured Difference
5 . . . 60.74 64.20 5.39%
10 - - - 47.37 50.62 6.43%
15 92.04 88.37 -4.16% 36.39 39.54 7.97%
20 69.78 68.03 -2.58% - - *
25 52.88 52.34 -1.04% . . .
70% off CAX thin end 80% off CAX thick end
Depth (cm) Compyted __Measured Difference Computeci Measured . ____Differengg
5 ., . . 55.96 59.33 5.68%
10 - - - 43.16 46.60 7.38%
15 97.11 91.93 -5.64% 33.16 36.27 8.58%
20 73.70 70.39 -4.70% - - -
25 55.69 53.91 -3.31% . , .
80% off CAX thin end
Depth (cm) Computed Measured Difference
5 . . .
10 - - .
15 101.83 94.55 -7.71%
20 76.66 72.42 -5.85%
25 57.38 55.25 -3.87%
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Table   38   ͣ  Wedged   Field   60  deg.   (15x15),Collimator  320  deg..   Central   Inplane
Comparison of lUleasured and Calculated Percent Depth Dose at Fixed
Depths
CAX 30% off CAX thin end

































30% off CAX thiols end 40% off CAX thin end
Depth fcm^ Computed Measured Difference Computed Measured Difference
5 84.09 84.00 -0.11%
10 66.06 66.96 1.34% 100.59 100.87 0.27%
15 50.99 52.67 3.19% 77.08 78.89 2.29%
20 38.86 41.13 5.51% 58.31 60.95 4.32%
2S 29.69 32.34 8.19% 44.30 47.07 5.88%





10 62.28 62.94 1.05% 106.15 105.98 -0.16%
15 47.94 49.36 2.87% 81.01 82.63 1.97%
20 36.60 38.42 4.74% 60.96 63.63 4.20%
25 28.26 30.14 6.22% 46.02 48.98 6.06%
50% Off CAX thiols end 60% off CAX thin end
Depth fcm^ Computed IVIeasured Differenpe Cpmputed iVIeasured   _ Difference
5 75.07 73.76 -1.78% . ͣ i -
10 58.38 58.48 0.17% - , - -
15 44.74 45.75 2.21% 85.12 85.54 0.49%
SO 34.15 35.57 3.99% 64.00 65.56 2.37%
25 . - - 48.28 50.12 3.67%
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60% off CAX thick end
Depth fern)      Computed        Measured       Difference
70% off CAX thin end



























70% off CAX thick end 80% off CAX thin end




10 49.49 49.30 -0.38% - ..
-
15 38.41 36.28 -5.87% 91.66 90.08 -1.76%
20 29.94 26.16 -14.43% 68.72 68.52 -0.28%
2S - . . 51.17 51.82 1.25%





10 46.69 45.27 -3.12%
IS 35.22 35.10 -0.32%
20 - - -
25 . . .
98
Table 39    - Wedged Field, 15 deg. (15x15), Central Inplane Comparison of Depth of Ocurrence for
Measured and Calculated Percent Depth Doses













flO 7.23 7.32 0.09 1.19% 6.72 6.82 0.10 1.43%
80 9.66 9.81 0.15 1.51% 9.14 9.29 0.15 1.63%
70 12.31 12.52 0.22 1.75% 11.78 11.99 0.21 1.75%
60 15.25 15.56 0.31 1.98% 14.72 15.00 0.27 1.83%
50 18.62 19.04 0.42 2.23% 18.10 18.45 0.35 1.89%
40 22.68 23.28 0.60 2.60% 22.18 22.62 0.44 1.93%
30 28.20 29.21 1.01 3.45% 27.79 28.35 0.56 1.96%
PDP
30% off CAX thin end










































40% off CAX thick end



































40% off CAX thin end










































50% off CAX thick end


































50% off CAX thin end 60% off CAX thick end
100.00 6.24 6.27 0.03 0.53% 4.16 3.97 -0.19 -4.88%
90.00 8.35 8.43 0.08 0.90% 6.30 6.20 -0.10 -1.61%
80.00 10.64 10.76 0.12 1.14% 8.60 8.60 0.00 0.04%
70.00 13.14 13.32 0.17 1.31% 11.12 11.24 0.12 1.04%
60.00 15.95 16.18 0.23 1.44% 13.93 14.18 0.25 1.73%
50.00 19.19 19.49 0.30 1.55% 17.17 17.57 0.40 2.28%
40.00 23.18 23.58 0.39 1.67% 21.11 21.71 0.60 2.76%
30.00 29.00 29.55 0.55 1.86% 26.63 27.57 0.93 3.39%
99
PPD
60% off CAX Itiln end










































70% off CAX thick end



































70% off CAX ttiin end










































80% off CAX thick end


































80% off CAX thin end
.EDC
100 6.58 6.11 -0.48 -7.83%
90 8.57 8.14 -0.43 -5.23%
80 10.71 10.34 -0.37 -3.60%
70 13.07 12.75 -0.32 -2.49%
60 15.72 15.45 -0.26 -1.70%
50 18.80 18.58 -0.21 -1.15%
40 22.65 22.45 -0.19 -0.86%
30 28.56 28.16 -0.39 -1.39%
Table 40  - Wedged   Field,   15 deg.  (15x15),  Collimator  320  deg..  Central   Inplana  Comparison   of













































30% off CAX thick end



































30% off CAX thin end










































40% off CAX thick end



































40% off CAX thin end










































50% off CAX thick end


































50% off CAX thin end 60% off CAX thick end
PercentA
100.00 6.21 6.35 0.14 2.19% 4.51 4.02 -0.49 -12.16%
90.00 8.27 8.48 0.21 2.48% 6.58 6.20 -0.38 -6.07%
80.00 10.50 10.79 0.29 2.66% 8.80 8.55 -0.26 -3.02%
70.00 12.94 13.31 0.37 2.77% 11.25 11.11 -0.13 -1.21%
60.00 15.68 16.13 0.46 2.84% 13.98 13.97 -0.01 -0.04%
50.00 18.85 19.40 0.56 2.87% 17.14 17.26 0.12 0.71%
40.00 22.77 23.43 0.67 2.84% 21.02 21.25 0.23 1.10%











60% off CAX thin end


































70% off CAX thick end











































70% off CAX thin end


































80% off CAX thick end











































80% Off CAX thin end



































Table 41     - Wedged Field, 30 deg. (15x15), Central Inplane Comparison of Depth of Oeeurenee for
Measured and Calculated Percent Depth Doses















90 7.26 7.30 0.04 0.60% 8.90 8.95 0.05 0.53%
80 9.68 9.80 0.11 1.14% 1153 11.36 0.13 1.15%
70 12.33 12.52 0.19 1.52% 13.79 14.01 0.22 1.60%
60 15.28 15.56 0.28 1.81% 16.64 16.97 0.33 1.94%
50 18.65 19.04 0.39 2.07% 19.94 20.39 0.45 2.22%
40 22.72 23.27 0.55 2.37% 23.97 24.58 0.61 2.48%
30 28.26 29.10 0.85 2.91% 29.73 30.60 0.86 2.82%
PDD
30% off CAX thick end



















































40% off CAX thin end



























40% off CAX thick end










































50% off CAX thin end


































50% off CAX thick end 60% off CAX thin end
100.00 2.77 2.81 0.03 1.24% 8.35 8.03 -0.32 -3.94%
90.00 5.01 5.15 0.14 2.64% 10.34 10.10 -0.24 -2.40%
80.00 7.43 7.67 0.24 3.18% 12.51 12.36 -0.16 -1.29%
70.00 10.07 10.43 0.36 3.46% 14.92 14.85 -0.06 -0.43%
60.00 13.00 13.49 0.49 3.63% 17.64 17.69 0.05 0.28%
50.00 16.37 17.00 0.63 3.73% 20.88 21.08 0.20 0.93%
40.00 20.43 21.24 0.80 3.78% 25.11 25.54 0.43 1.68%
30.00 26.01 27.02 1.01 3.73% - - -
60% off CAX thick end 70% off CAX thin end
PDD Computed Measured AbsoluteA PercentA Computed Measured
8.24
.   AbsoluteA
-0.46100 2.36 2.29 -0.07 -2.95% 8.70 -5.62%
90 4.58 4.62 0.03 0.69% 10.65 10.27 -0.38 -3.73%
80 6.98 7.12 0.14 1.99% 12.77 12.48 -0.30 -2.37%
70 9.58 9.85 0.26 2.69% 15.12 14.93 -0.20 -1.33%
60 12.48 12.88 0.41 3.16% 17.80 17.71 -0.09 -0.50%
SO 15.78 16.36 0.58 3.56% 21.00 21.04 0.04 0.20%
40 19.73 20.55 0.82 3.98% 25.23 25.44 0.21 0.84%
30 26.02 26.25 1.23 4.69% _ -
xm
ppp
70% off CAX thick end





































80% off CAX thin end






























80% off CAX thick end
100 - - - -
90 3.50 3.18 -0.32 -9.93%
80 5.82 5.61 -0.21 -3.70%
70 8.35 8.26 -0.09 -1.14%
60 11.18 11.20 0.02 0.21%
50 14.42 14.57 0.14 0.99%
40 18.37 18.63 0.25 1.35%
30 23.89 24.14 0.25 1.03%
Table 42 - Wedged Field, 30 deg. (15x15), Collimator 320 deg.. Central Inplane Comparison of
Depth of Occurrence for Measured and Calculated Percent Depth Doses
CAX 30% off CAX tfiin end
100 5.02 4.87 -0.15 -3.10% 6.51 6.69 0.18 2.73%
90 7.28 7.19 -0.10 -1.32% 8.65 8.90 0.25 2.83%
ao 9.72 9.69 -0.03 -0.36% 10.96 11.29 0.33 2.91%
TO 12.39 12.42 0.03 0.27% 13.48 13.90 0.42 3.00%
60 15.36 15.47 0.11 0.71% 16.30 16.81 0.52 3.09%
so 18.77 18.97 0.20 1.06% 19.54 20.19 0.65 3.21%
40 22.90 23.22 0.32 1.38% 23.49 24.32 0.83 3.42%
30 28.60 29.13 0.52 1.79% 29.05 30.26 1.21 4.00%
104
PDD
30% off CAX ttiick end











































40% off CAX tfiin end


























PDD Computed Measured AbsoluteA PercentA Cornputed IWle^sur^d AbsoluteA PerpentA
100 3.79 3.26 -0.53 -16.22% 7.43 7.47 0.04 0.52%
90 6.00 5.59 -0.40 -7.21% 9.47 9.61 0.14 1.47%
80 8.37 8.10 -0.27 -3.27% 11.68 11.93 0.25 2.12%
70 10.95 10.84 -0.11 -1.04% 14.10 14.48 0.38 2.60%
60 13.83 13.89 0.06 0.44% 16.82 17.33 0.51 2.97%
50 17.12 17.39 0.27 1.54% 19.97 20.65 0.68 3.28%
40 21.08 21.62 0.53 2.47% 23.88 24.77 0.89 3.57%










50% off CAX thicK end


































60% off CAX tfiin end




































60% off CAX thick end










































70% Off CAX tfiln end































70% off CAX thick end
CpmPUled     Measured     AbsoluteA      PercentA
80% off CAX thin end
100 - - 8.06 7.77 -0.29 -3.70%
90 3.57 3.57 0.00 0.09% 9.99 9.76 -0.23 -2.35%
80 6.05 6.04 -0.01 -0.17% 12.08 11.91 -0.17 -1.40%
70 8.74 8.72 -0.02 -0.19% 14.37 14.27 -0.10 -0.70%
60 11.72 11.71 -0.01 -0.07% 16.94 16.92 -0.03 -0.15%
50 15.11 15.13 0.03 0.18% 19.93 19.99 0.06 0.29%
40 19.13 19.26 0.13 0.67% 23.66 23.81 0.15 0.63%
30 24.38 24.87 0.48 1.94% _ . . .
_EDD,
80% off CAX thick end
CPmPUted      Measured     AbsoluteA      PercentA
100 - - . -
90 4.24 2.80 -1.44 -51.50%
80 6.45 5.20 -1.25 -24.07%
70 8.87 7.83 -1.05 -13.38%
60 11.57 10.75 -0.82 -7.64%
SO 14.67 14.11 -0.57 -4.02%
40 18.44 18.17 -0.27 -1.49%
30 23.68 23.77 0.09 0.38%
Table 43 - Wedged Field, 30 deg. (15x15), Oblique 20 deg.. Central Inplane Comparison of Depth













































30% off CAX thin end



































30% off CAX thick end






































40% off CAX thin end



































40% off CAX thick end
Computed     Meeisured     AbsoluteA     PercenlA
50% off CAX thin end
Computed     Measured     AbsoluteA     PercentA
100 3.95 4.11 0.16 3.89% 6.75 6.65 -0.10 -1.47%
90 5,74 5.99 0.25 4.17% 8.49 8.52 0.03 0.34%
JBO 7.72 8.03 0.31 3.86% 10.37 10.54 0.17 1.59%
70 9.79 10.07 0.28 2.78% 12.45 12.77 0.32 2.53%
60 12.08 12.41 0.33 2.66% 14.78 15.29 0.50 3.29%
50 14.69 14.97 0.28 1.87% 17.51 18.23 0.72 3.96%
40 - - - • 20.94 21.97 1.02 4.66%










50% off CAX thick end


























60% off CAX thin end












































60% off CAX thick end
Computed Measured AbsoluteA     PercentA
3.51 3.53 0.02 0.57%
5.22 5.34 0.12 2.25%
7.08 7.14 0.06 0.84%
9.06 9.05 -0.01 -0.11%
11.10 10.97 -0.13 -1.19%
70% off CAX thin end











































70% off CAX thiols end


















80% off CAX thin end











































80% off CAX thicl< end
Computed    Measured    AbsoluteA___PercentA
3.10 2.77 -0.33 -11.91%
4.68 4.42 -0.26 -5.88%
6.28 6.01 -0.27 -4.49%
Table 44 - Wedged Field, 45 deg. (15x15), Central Inplane Comparison of Depth of Ocurrence for
Measured and Calculated Percent Depth Doses
101
PDD Qpmputeij    Measured    AbsQiuled    PerceniA
30% off CAX thick end











































































30% off CAX thin end
Computed     Measured     AbsoluleA      PerceniA
40% off CAX thick end
Computed     Measured     AbSPlUleA___PerceniA
100 7.75 7.61 -0.14 -1.86% - - -
90 9.86 9.85 -0.02 -0.16% 3.98 4.35 0.37 8.48%
80 12.15 12.27 0.12 1.02% 6.45 6.99 0.54 7.70%
TO 14.67 14.96 0.28 1.91% 9.15 9.87 0.72 7.31%
60 17.52 17.99 0.48 2.64% 12.14 13.07 0.93 7.08%
90 20.86 21.58 0.72 3.33% 15.56 16.71 1.16 6.92%
40 25.11 26.20 1.09 4.17% 19.63 21.06 1.43 6.79%
30 - . - - 25.05 26.84 1.79 6.66%
40% off CAX thin end 50% off CAX thick end
PDD CompMled Measured AbsoluteA PerceniA Computed Measured AbsoluteA PwentA
100 8.64 8.42 -0.22 -2.56% - - -
90 10.68 10.62 -0.06 -0.57% 3.16 3.64 0.48 13.25%
ao 12.89 13.00 0.10 0.80% 5.65 6.25 0.60 9.63%
70 15.34 15.62 0.28 1.79% 8.36 9.09 0.73 8.08%
60 18.12 18.59 0.47 2.52% 11.36 12.25 0.89 7.24%
50 21.41 22.08 0.67 3.02% 14.79 15.85 1.07 6.74%
40 25.67 26.52 0.85 3.20% 18.87 20.17 1.31 6.47%










50% off CAX thin end






























60% off CAX thick end







































60% off CAX thin end






























70% off CAX ttiick end
Computed     Measured    AbsoluteA     PercentA
4.04 4.37 0.33 7.60%
6.68 7.18 0.50 6.97%
9.62 10.31 0.69 6.66%
12.98 13.87 0.90 6.46%
17.00 18.14 1.14 6.30%
22.39 23.84 1.45 6.10%
_EEI1
70% off CAX ttiin end
Computed     Measured     AbsoluteA PercentA
100 10.71 10.10 -0.61 -6.04%
90 12.68 12.16 -0.52 -4.30%
80 14.83 14.40 -0.43 -2.96%
70 17.20 16.89 -0.31 -1.86%
60 19.91 19.73 -0.18 -0.91%
50 23.13 23.13 0.00 0.00%
40 27.36 27.67 0.30 1.09%
30 . . . _
80% off CAX tfiick end
gompuled    Measured   AI?s<?luleA    PercentA
2.97 3.14 0.17 5.50%
5.61 5.98 0.36 6.10%
8.55 9.12 0.58 6.31%
11.89 12.70 0.81 6.41%
15.89 16.99 1.09 6.43%
21.24 22.68 1.44 6.36%
.EDJ2.
80% off CAX ttiln end
Computed     Measured     AbsoluteA PercentA
100 11.58 10.76 -0.82 -7.64%
90 13.51 12.80 -0.71 -5.52%
80 15.61 15.02 -0.58 -3.88%
70 17.94 17.49 -0,44 -2.54%
60 20.60 20.31 -0.29 -1.43%
50 23.79 23.68 -0.11 -0.46%
40 28.09 28.21 0.12 0.43%
30 . - . .
Table 45   - Wedged Field, 45 deg. (15x15), Collimator 320 deg.. Central Inplane Comparison of













































30% oH CAX thin end































30% off CAX thiols end










































40% off CAX thin end






























40% off CAX thick end 50% off CAX thin end











100 2.43 2.08 -1.20%
90 4.69 4.49 -0.20 -4.49% 10.82 10.88 0.06 0.58%
80 7.12 7.07 -0.05 -0.64% 12.97 13.21 0.25 1.86%
70 9.77 9.90 0.12 1.26% 15.35 15.79 0.45 2.82%
66 12.72 13.03 0.31 2.39% 18.04 18.71 0.67 3.58%
50 16.08 16.60 0.52 3.15% 21.24 22.17 0.93 4.21%
40 20.12 20.89 0.77 3.69% 25.38 26.65 1.26 4.73%
30 25.55 26.63 1.09 4.08% . - . .
PDP
50% off CAX thick end





































60% off CAX thin end
































60% off CAX thick end






































70% off CAX tfiin end







































70% off CAX tfiick end
Computed     Measured     AbsoluteA      PercentA
80% off CAX tfiln end
4.97 4.05 -0.92 -22.73%
7.53 6.88 -0.65 -9.44%
10.36 9.99 -0.37 -3.75%
13.61 13.50 -0.11 -0.83%
17.52 17.61 0.09 0.53%
22.82 22.82 0.01 0.03%
PercenlA
10.05 9.81 -0.24 -2.43%
11.94 11.82 -0.12 -1.02%
14.00 14.01 0.01 0.05%
16.28 16.42 0.15 0.90%
18.87 19.17 0.30 1.58%
21.96 22.44 0.48 2.15%
26.04 26.73 0.69 2.59%
80% off CAX tfiick end
PDD
100 - - - ͣ   .
90 - -
80 4.15 2.94 -1.21 -41.20%
70 6.66 5.70 -0.96 -16.81%
60 9.45 8.77 -0.68 -7.80%
50 12.64 12.26 -0.38 -3.10%
40 16.48 16.44 -0.04 -0.23%
30 21.65 21.99 0.34 1.55%
Table 46    - Wedged Field, 60 deg. (15x15), Central Inplane Comparison of Depth Occurrence for
Measured and Calculated Percent Depth Doses
CAX 30% off CAX thick end
100 5.09 5.29 0.20 3.76% -
90 7.39 7.68 0.29 3.84% 2.68 3.28 0.60 18.25%
80 9.86 10.27 0.41 3.95% 5.31 6.00 0.69 11.51%
70 12.56 13.10 0.54 4.10% 8.16 8.96 0.80 8.91%
60 15.56 16.27 0.70 4.31% 11.31 12.24 0.93 7.61%
SO 19.00 19.92 0.92 4.64% 14.86 15.97 1.11 6.93%
40 23.12 24.40 1.28 5.24% 19.06 20.43 1.37 6.69%
30 28.70 30.83 2.13 6.90% 24.45 26.33 1.88 7.13%
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30% off CAX thin end
PDD PerceniA
100 9.76 9.37 -0.39 -4.12%
90 11.82 11.54 -0.28 -2.40%
80 14.06 13.91 -0.16 -1.12%
70 16.54 16.52 -0.02 -0.11%
60 19.35 19.49 0.14 0.74%
50 22.67 23.02 0.35 1.52%
40 26.98 27.64 0.66 2.39%
30 - . - -
40% off CAX thick end
Computed     Measured     AbsoluteA     PercentA
3.81 4.56 0.75 16.45%
6.67 7.58 0.91 11.99%
9.84 10.92 1.08 9.90%
13.43 14.71 1.27 8.66%
17.68 19.17 1.49 7.77%
23.19 24.92 1.73 6.96%
PDD
40% off CAX thin end
Computed     Measured     AbsoluteA     PercentA
100 11.06 10.65 -0.41 -3.88%
90 13.08 12.79 -0.30 -2.32%
80 15.29 15.12 -0.17 -1.11%
70 17.72 17.70 -0.02 -0.13%
60 20.49 20.64 0.15 0.73%
SO 23.78 24.15 0.37 1.53%
40 28.06 28.77 0.71 2.45%
30 . _ - -
50% off CAX thick end













50% off CAX thin end
.ECU
100.00 12.35 11.77 -0.58 -4.91%
90.00 14.34 13.87 -0.47 -3.37%
80.00 16.51 16.16 -0.35 -2.15%
70.00 18.91 18.70 -0.21 -1.12%
60.00 21.63 21.59 -0.05 -0.22%
50.00 24.86 25.02 0.16 0.64%
40.00 29.08 29.55 0.47 1.60%
30.00 . _ . .
60% off CAX thick end
C9mPUtg<J     Mea?Wr9<i     AbsoluteA      PercentA
3.68 4.73 1.05 22.23%
6.87 8.06 1.19 14.73%
10.48 11.85 1.37 11.59%
14.72 16.39 1.67 10.19%
20.14 22.44 2.30 10.26%
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PDD
60% off CAX thin end
Computed     Measured     AbsoluleA PercentA
100 13.45 12.56 -0.90 -7.15%
90 15.41 14.64 -0.77 -5.26%
80 17.55 16.92 -0.63 -3.74%
70 19.94 19.46 -0.48 -2.49%
60 22.70 22.37 -0.32 -1.45%
SO 26.05 25.90 -0.15 -0.58%
40 - - - -
30 . . . -
70% off CAX thick end
Computed     Measured     AlygQ.IUtgA      PgrggPtA
1.97 3.11 1.13 36.42%
5.26 6.45 1.20 18.55%
8.94 10.25 1.31 12.80%
13.23 14.77 1.54 10.41%
18.58 20.67 2.09 10.09%
70% off CAX thin end
PercgnlA
100 14.45 13.38 -1.08 -8.04%
go 16.40 15.40 -1.00 -6.48%
80 18.54 17.62 -0.91 -5.18%
70 20.92 20.10 -0.81 -4.04%
eo 23.66 22.97 -0.69 -3.00%
so 27.00 26.48 -0.52 -1.97%
40 - -
30 - . - .
80% off CAX thick end









80% off CAX thin end
PDD Percenli!^
100 15.33 13.92 -1.41 -10.15%
90 17.21 15.94 -1.26 -7.93%
80 19.26 18.16 -1.11 -6.09%
70 21.56 20.63 -0.94 -4.54%
60 24.22 23.46 -0.76 -3.23%
SO 27.48 26.91 -0.58 -2.14%
40 - - - -
30 - - . .
Table 47 -   Wedged Field, 60 deg. (15x15), Collimator 320 deg..   Central Inplane Comparison
of Depth of Occurrence for Measured and Calculated Percent Depth Doses
CAX 30% off CAX thin end
100 4.98 5.00 0.01 0.28% 8.91 9.04 0.13 1.44%
90 7.28 7.40 0.12 1.65% 10.99 11.25 0.26 2.35%
80 9.75 9.99 0.24 2.39% 13.24 13.66 0.41 3.03%
70 12.45 12.82 0.36 2.84% 15.73 16.32 0.58 3.58%
60 15.46 15.96 0.50 3.15% 18.55 19.34 0.79 4.08%
50 18.90 19.56 0.66 3.37% 21.87 22.93 1.05 4.60%
40 23.07 23.91 0.84 3.51% 26.14 27.61 1.47 5.32%











30% off CAX thick end





























40% off CAX thin end































40% off CAX thick end





































50% off CAX thin end







































50% off CAX thick end


























60% off CAX thin end







































eO% off CAX thick end
Computed     Measured     AbsoluteA     PercentA
5.09 4.48 -0.61 -13.70%
8.15 7.82 -0.32 -4.14%
11.61 11.61 0.00 0.02%
15.70 16.09 0.38 2.38%
21.00 21.86 0.86 3.93%
70% off CAX ttiin end
Computed     Measured     AbsoluteA PercentA
12.78 12.55 -0.24 -1.89%
14.69 14.59 -0.10 -0.71%
16.78 16.82 0.04 0.23%
19.09 19.28 0.19 0.99%
21.72 22.07 0.36 1.61%
24.85 25.38 0.53 2.09%










70% off CAX thick end
Computed     Measured     AbSPlUlei^___PercentA
2.80 3.65 0.85 23.36%
6.08 6.54 0.47 7.13%
9.79 9.76 -0.03 -0.35%
14.21 13.45 -0.75 -5.59%
19.96 17.93 -2.03 -11.30%
80% off CAX thin end
Cpmpuletl    Measuretl    AbsplutSi^ PercentA
13.43 13.01 -0.42 -3.19%
15.33 15.02 -0.31 -2.06%
17.39 17.20 -0.20 -1.13%
19.69 19.62 -0.07 -0.35%
22.29 22.37 0.08 0.35%
25.40 25.65 0.25 0.98%










80% off CAX thick end
Computed     Measured     AbSOlulgA___PercentA
5.38 4.21 -1.17 -27.89%
8.76 8.00 -0.76 -9.51%
12.75 12.45 -0.30 -2.42%
17.88 18.09 0.21 1.16%
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Table  48       -   Bloeked  Field  (35x33),  Central  Inplane  Comparison  Measured
and Calculated Percent Depth Dose at Fixed Depths
CAX 30% off CAX right
Depth (cm), GompMteci Measured Difference, Computed Measured Difference
5 100.00 98.73 -1.28% 103.32 103.45 0.12%
10 79.34 78.38 -1.23% 81.92 82.06 0.18%
15 61.93 61.17 -1.24% 63.86 64.03 0.26%
20 47.77 47.12 -1.38% 49.16 49.34 0.37%
25 36.86 36.21 -1.78% 37.80 38.01 0.54%
30% off CAX left
Depth fcm)     Computed___Measured     Difference
40% off CAX right




































40% off CAX left
Depth (cm)     Computed      Measured     Difference
50% off CAX right




































50% off CAX left
Depth (cm)     Computed      Measured     Difference
60% off CAX right





































60% off CAX left
Depth (cm)     Computed     Measured     Difference
70% off CAX right




































70% off CAX left 80% off CAX left
DQPth (cm). Compyted. Measured Difference Computed IVI?a5yr?d. Diff?r9nw.
5 102.30 99.63 -2.68% 101.53 98.84 -2.72%
10 78.54 76.38 -2.83% 77.11 74.91 -2.93%
15 59.23 57.48 -3.04% 57.48 55.73 -3.14%
20 44.37 42.93 -3.35% 42.66 41.30 -3.28%
25 33.96 32.73 -3.76% 32.63 31.62 -3.19%
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Table   49  -   Blocked   Field   (35x33),   14.4cm  off  Central   Axis   Comparison  of
ͣMeasured and Calculated Percent Depth Dose at Fixed Depths
CAX 30% off CAX right
Depth fcm^ Computed Measured Difference Computed Measured Difference
5 101.84 101.28 -0.56% 101.93 101.91 -0.03%
10 78.07 77.19 -1.14% 78.66 77.97 -0.89%
IS 59.29 58.55 -1.27% 60.18 59.33 -1.44%
20 - - - - - -
25 . - . . . .
30% off CAX left
Depth fcm^     Computed___Measured      Difference
40% off CAX right
























40% off CAX left
Depth (cm)     Computed     Measured     Difference
50% off CAX right
























50% off CAX left 60% off CAX right
Depth (cm) Computed Measured Difference Computed Measured Difference
5 100.51 96.48 -4.18% 102.01 101.70 -0.30%
10 76.25 73.16 -4.22% 78.76 77.84 -1.18%
15 57.63 55.00 -4.79% 60.37 59.28 -1.83%
20 - - - - - -
25 . . . . . .
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60% off CAX left
Depth fcm^     Computed___Measured     Difference
70% off CAX right
























70% Off CAX ieft
Depth (cm^     Computed___Measured     Difference
80% off CAX right
























80% off CAX left
Depth (cm) Computed. Measured, Difference
5 100.11 86.44 -15.82%
10 61.46 60.76 -1.15%
15 26.25 32.43 19.07%
20 - - -
25 . . .
Table 50 - Blocked  Mantle Field, (35x33),    Central Inplane Comparison of Depth of Occurrence for













































30% off CAX right



































30% off CAX left










































40% off CAX right














































100 -0.17 -3.36% 0.64%
M 7.49 7.33 -0.16 -2.12% 8.12 8.17 0.04 0.55%
80 9.83 9.69 -0.14 -1.45% 10.57 10.61 0.05 0.45%
n 12.39 12.26 -0.13 -1.07% 13.24 13.28 0.04 0.33%
60 15.26 15.13 -0.13 -0.87% 16.22 16.25 0.03 0.17%
50 18.59 18.44 -0.16 -0.85% 19.66 19.65 -0.01 -0.07%
40 22.71 22.47 -0.24 -1.08% 23.87 23.75 -0.12 -0.49%










50% off CAX left


































60% off CAX right




































60% off CAX left










































70% off CAX right


































70% off CAX left 80% off CAX left
100 5.45 4.93 -0.52 -10.52% 5.29 4,78 -0,51 -10,58%
90 7.47 6.96 -0.51 -7.35% 7.24 6,74 -0,50 -7,48%
80 9.66 9.16 -0.51 -5.54% 9.35 8,85 -0,50 -5,68%
70 12.07 11.57 -0.51 -4.39% 11.67 11,17 -0,50 -4,52%
60 14.78 14.26 -0.52 -3,61% 14.28 13,77 -0,51 -3,70%
50 17.93 17.39 -0.54 -3,11% 17.32 16.80 -0,52 -3.12%
40 21.85 21.24 -0.61 -2,88% 21.12 20,55 -0,56 -2.75%
30 27.87 26.90 -0.97 -3,61% 26,97 26,20 -0,76 -2.92%
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Table 51   - Blocked  Mantle Field, (35x33), 14.4 cm  off    Central Axis Inplane Comparison  of Depth
of Occurrence for Measured and Calculated Percent Depth Doses
CAX 30% off CAX right
PDD Computed Measured At?59lUt§A PerwntA Qpmpuled Measured AbsplulgA Percent^
100 5.35 5.24 -0.11 -2.16% 5.38 5.36 -0.02 -0.34%
90 7.36 7.20 -0.16 -2.19% 7.43 7.35 -0.09 -1.17%
ffi) 9.55 9.35 -0.20 -2.12% 9.68 9.53 -0.15 -1.61%
70 11.99 11.76 -0.23 -1.93% 12.18 11.97 -0.22 -1.81%
60 14.78 14.55 -0.23 -1.60% 15.06 14.79 -0.27 -1.80%
50 18.16 17.99 -0.17 -0.94% 18.54 18.27 -0.27 -1.48%
40 - - - - -










30% off CAX left


























40% off CAX right



























40% off CAX left
Computed      Measured     AbsoluteA      PercenlA
50% off CAX right
100 5.16 4.65 -0.51 -11.06% 5.41 5.35 -0.06 -1.08%
90 7.12 6.60 -0.52 -7.94% 7.46 7.35 -0.12 -1.57%
60 9.27 8.73 -0.54 -6.21% 9.71 9.54 -0.18 -1.84%
70 11.67 11.09 -0.58 -5.19% 12.23 11.99 -0.24 -1.99%
60 14.45 13.81 -0.64 -4.64% 15.12 14.82 -0.30 -2.03%
50 17.87 17.09 -0.78 -4.57% 18.65 18.30 -0.35 -1.94%
40 - - - - - - - -
30 . . . . _ .' , ,
_EEa
50% off CAX left
gpmpule'j     Measured     AbsoluteA PercenlA
60% off CAX right
100.00 5.09 4.33 -0.77 -17.70% 5.39 5.32 -0.07 -1.34%
90.00 7.03 6.28 -0.74 -11.81% 7.45 7.31 -0.14 -1.90%
80.00 9.14 8.41 -0.73 -8,68% 9.71 9.50 -0.21 -2.19%
70.00 11.52 10,78 -0,74 -6.87% 12.22 11.94 -0.28 -2.31%
60.00 14.27 13.47 -0.80 -5.91% 15.12 14.78 -0.34 -2.30%
50.00 17.67 16.70 -0.97 -5.84% 18.65 18.27 -0.38 -2.06%
40.00 - - - - - - - -
30.00 _ _ _ . _ , . .
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60% off CAX left 70% off CAX right
PDD Computed Measured AbsoluteA PercentA Computed Measured     AbsoluteA PercentA
100 5.01 3.83 -1.18 -30.86% 5.38 5.25 -0.13 -2.42%
90 6.93 5.84 -1.09 -18.68% 7.42 7.23 -0.19 -2.65%
80 9.02 8.01 -1.01 -12.59% 9.67 9.41 -0.25 -2.69%
70 11.34 10.39 -0.94 -9.07% 12.17 11.87 -0.31 -2.58%
60 13.97 13.05 -0.91 -6.98% 15.07 14.73 -0.34 -2.28%
SO 17.09 16.13 -0.96 -5.98% 18.62 18.33 -0.29 -1.58%
40 -  , - - - - - - -










70% off CAX left


























80% off CAX rigtit


























80% off CAX left
.E0J2
100 - .
90 6.27 4.26 -2.00 -46.99%
80 7.55 6.30 -1.24 -19.71%
70 8.86 8.26 -0.60 -7.22%
60 10.20 10.14 -0.06 -0.56%
SO 11.57 11.95 0.38 3.18%
40 - - - -
30 . . . •
Appendix II
K°S M.«J.°SE,SS^..'ffTf?.-»' ͣ 47 1513
E;3;iiiiHiaHffl
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^4— ͣ<-,--4-^t,-.:r--rT-;F;;:!.:-u;-U:i;Tsaq;=Tis43i!fc;3:fet: ^i;?s«£=feitt=*=*tm;n4Titilti;*Kmtij«; ati^ta
Tables   2   and  16   -   Open   field   5x5   err.'






Tables 3 and 17- Open field (10xl0cmz)  <& s ^:-:;n   »     CD ^
S Q 3
S     Q. tS
i
scale = 1.00:
----- ͣ  ---.I . jl










Tables 9  and  23 - Open field (40x40 cm2)
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11 f xelOpen xl2   cm





5 13: aft 02 !9B9
scale - 1.00:   i





Tables 13 and 27 - Open field (30x10 cm )
Tab!
K*£  K.Uf-JL'







scale -=1.00:  113:02 30 1989
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scale = 1.00:   1
les   37  arjiq  4p;- jbO   degree  wedc
''rotatioir:








TablJs ^9 and 51 - Mantle Block field (35x33 cm^) and 14.4
cm off the central plane
isatu___._il£lt^
